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Easy Riding and Roadability 
can then be made 
a Certainty 











































































































Exactly opposite to snubbing 











In checking spring recoil, 
Stabilators work exactly op- 
posite tothesnubbing princi- 
ple. Insteadof checkingwith 
ajerk at the tail end of there- 
coil movement, Stabilators 
get on the job at the very be- 
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hit or miss trying of first this strength of 

spring and then that, and supplementing the ac- 

tion of this or that spring with some hit or miss device, 

means that any Engineer may get easy riding. The 

chances are very good, however, that he will not get 
what he is after. 


The fundamentals are so easy to get to that it is really 
a crime not to look at them. We call it a crime be- 
cause motorists, all of them, are so earnestly desiring 
eaiser riding and better roadability in their cars. 

The purpose of springs being to act as cushions or 
buffers between us the road, it stands to reason 
that the softer, more supple a spring is the better its 
cushioning effect will be and the less of the road shock 
will be transmitted to the car-body and passengers. 


After we have then provided our supple springs—made 
them just as ‘anele aa our anne will permit, and 
then made our clearance as great as the public eye 
will permit (our car bodies must be made to stand 
higher if our spring clearances are to be made greater) 
we then simply have to properly look after spring re- 
coil and the job is done. 
But ing recoil is a strange animal, and again we 
shy a down to Prato. If the aadae is 
compressed very slightly, its recoil force will be but a 
matter of ounces. ff compressed a little farther, its 
recoil force will be correspondingly greater. Spri 
recoil, Se ee the various extents to whic 
the spring may be compressed, will have a thousand or 
maybe ten thousand eee forces. Therefore, in 
not to over-control the recoil of the car spring 
when the force is light, and at the same time adequately 
control the recoil when the force is greater, we must 
hook up a brake which automatically provides a thou- 
sand or ten thousand different degrees of resistance— 
a different resistance to correspond to each different 
recoil force—light resistance when the force is light, 


heavier resistance when the force is ter, and so on 
for each of the thousand or ten d different 
possible forces. 


The fundamentals are perfectly obvious and ectly 
simple and the meeting of all the fundamental require- 
ments for eet Veer now been 
made seen: you specify recoil breaks don’t 
make a hit or miss investigation and selection, but 
specify brakes which resist in proportion to each diff- 
erent recoil force. 
JOHN WARREN WATSON COMPANY 
Twenty-Fourth and Locust Streets 
Philadelphia, Pa. 
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“Phaeton” Coming Into Use 


HE 1923 Handbook of Automobiles, recently is- 

sued by the National Automobile Chamber of 

Commerce, indicates that the recommendation of 

the Passenger-Car Body Division in reference to the use 

of the name “phaeton” instead of “touring car” is meet- 

ing with approval. This Handbook shows that 20 com- 

panies are now using that name for various types of 
. Open car. 


Geography of Society Membership 


HE following table shows approximately what pro- 
portion of the members of the Society reside in 
different regions of the United States and how 
many are located outside of this Country; the total num- 
ber on the rolls of the Society being about 5300. 
Per Cent 
See Ted TORN. 600s as oss cd cee caulagneses 47 
meres. Mehetie BUAtOs.. .. 6. kts se ecbads 31 
Se SION SIURNON. oc .5'25s Wise vd Lawes Saws 
Reema Wentern Biases... 6626.08 dives ieee ces 
ES: GME EIR roe, 5 ia: anu a's. gn Deck e OiRUSLOAE 
eee ee a ne en eres 
Foreign 


Research Information Service 


HE attention of the members is directed to the 

unique facilities offered by the Research Depart- 

ment Information Service. A complete index of 

the Society’s publications, together with an exhaustive 

index covering domestic and foreign publications in the 

automotive and allied fields, is kept on file and is available 
for reference. 

In addition to the published bibliographies indexed, the 
Department has unpublished bibliographies and lists of 
references that are invaluable for preliminary work 
along research lines. They include many of the import- 
ant debatable subjects, such as lubrication; heat appli- 
cation to internal-combustion engine fuels; gears; mag- 
neto ignition; highway problem; chassis springs; steel, 
wire, and wood wheels and metallurgical matters. Copies 
of these bibliographies are held in the Department and 
may be had on request. 

The Research Department has innumerable contacts 
with investigators and commercial and university labora- 





tories, and is able to furnish data on researches pro- 
jected, in progress or completed. Published reports of 
investigations, abstracts, indexes and handbooks are 
available either in the Department’s own files or those of 
the Engineering Societies’ Library. 


Emergency Motor-Transport Plan 


VERYONE interested in transportation has been 
}, wondering what place the motor truck will take 
in the development of the transportation system 

of the Nation. Major Brainerd Taylor, of the Quarter- 
master Department of the United States Army, said at a 


recent meeting of the Washington Section of the Society 
that 


If this Country ever again has to face an emergency 
that threatens to paralyze its industries, its transporta- 
tion and its everyday life, the United States Army plan 
for coordinating all available transportation would at 
least so mitigate conditions that the people of the 
Country would not suffer for want of food, fuel and 
other necessities. In the recent railroad-strike situa- 
tion, the problem called for a solution by highway- 
transport engineers. 


Major Taylor was detailed by the Army to prepare a 
plan to meet the threatened emergency. One of his 
fundamental points is that motor transportation can 
never, either in an emergency or daily commercial prac- 
tice, replace the long-haul railroad service. It is expected 
that there will be a thorough discussion of matters bear- 
ing on the whole problem at the Automotive Transporta- 
tion Meeting of the Society at Cleveland in April. 


Standards for Roller Bearings 


MONG the many things that the Society of Auto- 
motive Engineers is endeavoring to standardize 


are the dimensions for inch-type tapered-roller 
bearings, on which a committee has been at work for 


some time. Ball bearings have been standardized so that 
the number of sizes available are limited to what is con- 
sidered essential for the needs of the industries. Work 
is also progressing on standardizing metric-type roller 
bearings, a subject of equal importance. In the inch-type 
tapered-roller bearing field there are now over 200 sizes 
used in the automotive industry, and it is believed that 


about 50 sizes would probably care for practically ail re- 
quirements. 
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This work is of great importance and, while it is evi- 
dent as the work of standardization proceeds, that very 
many differences of opinion will be encountered, there is 
no doubt that standards can be established that will meet 
the requirements of all. It may appear at times that 
too rigid standardization might be unwise and result in 
a harmful restriction of initiative in the design and de- 
velopment of mechanical devices. Nevertheless, when 
standardization methods are not too drastic, they will al- 
ways be found of value to the industry. Great savings 
in manufacture and in distribution will result, the meth- 
ods of manufacture can be simplified, the range of sizes 
that will have to be kept in stock can be reduced, the eapi- 
tal investment of manufacturers and dealers will be less, 
and the ultimate consumer will be able to buy a standard- 
ized product at a price much lower than that of a product 
where the number of types of sizes made is far in excess 
of actual needs.—Machinery. 





Taxing Gasoline Instead of Cars 


HERE are important obvious advantages in a 
gasoline tax to take the place of the annual license- 
tax for highway purposes. The substitution of a 
duty on motor-fuel for the present system of vehicle tax- 
ation in England has been suggested by representatives 
of car-owners and dealers and seems to be meeting with 
much favor. The main feature of the scheme is placing 
a flat duty per gallon on all imported motor-fuel and 
abolishing or greatly reducing the present tax per car. 
It is alleged that a duty of 5d (10 cents) per gal. will 
produce £10,250,000 ($49,815,000 at normal exchange) 
revenues in 1924, sufficient to offset the present car-tax, 
the collections of which are used for highway purposes. 
The main argument in favor of the plan is that it 
would distribute much more equitably than the present 
system the burden of taxation on motor-car owners. The 
existing tax, it is pointed out, is the same whether a car 
travels 400 or 40,000 miles per annum. An owner who 
has more than one car might pay the full tax on a car 
used but two or three times during the year. The fuel 
tax, on the other hand, takes into account automatically 
the horsepower, the speed and the weight of the vehicle, 
as well as the mileage. The proposed duty would bear 
directly on the car-owner in proportion to his use of the 
road and any evasion of payment would be impossible. 
Vehicles without internal-combustion engines would con- 
tinue to be taxed as at present. 


Automobile Shows 


ARIOUS opinions have been given by men who are 
prominent in the industry as to the value of the 
National Automobile Shows that are held at New 

York City and Chicago each year. The following are 
some of the large number that are contained in a pam- 
phlet which has recently been issued by the National Au- 
tomobile Chamber of Commerce. 


The public has come to accept the completeness, size 
and grandeur of the National shows as a direct expres- 
sion of one of America’s largest and most virile indus- 
tries. 

The shows teach the makers that to see themselves as 
others see them is not always flattering, but sometimes 
economical, and always wise. 

A show is a business barometer, as well as a guide 
to the general trend in design and construction. 

The material man, the parts-maker, the manufac- 
turer, the dealer, the salesman and the consumer meet 
at the shows for an exchange of thought. 

The shows are forums at which all that the industry 
has done is brought before the public in the only lan- 


guage that never fails and none can misunderstand, 
the language of actual performance. 

More can be learned in one hour at a show than in a 
week of visiting the establishments of the makers or 
by reading any quantity of books, or advertising litera- 
ture. 

The shows are the cheapest form of advertising and 
are therefore effective in reducing the cost of cars. 

The shows, with the elaborate publicity campaigns 
that accompany them, reach a large public group that 
is not exactly motorwise but keenly interested and forms 
the nucleus of active “prospects.” 

A show is advertising backed by personal contact. 

We can check our advertising returns from the show, 
whereas there is no satisfactory check on any other 
form of advertising. 

The newspapers give the shows an amount of space 
that could by no possibility be purchased or obtained 
in any other way. 

A show is cooperative advertising by the whole in- 
dustry. 

The value of the National Automobile Show is proved 
by the fact that it is the oldest industrial show that 
has been in continuous existence in this Country, if 
not in the world. 

The shows are to the manufacturer and the dealer 
what advance-agents are to the theatrical business. 


A New Type of Engineer 


LOSE students of transportation tell us that the 
motor vehicle is entering an era of unprecedented 
development as an arm of the national transporta- 

tion system. It is significant that several great railroad 
systems have organized departments to study intensively 
the coordination of motor and rail transport. Of even 
greater significance is the fact that one or two railroads 
have actually purchased truck fleets for use at their ter- 
minals. Recent joint meetings of Government, transpor- 
tation and automotive representatives reflected the in- 
creased interest in the motor truck, motorbus and motor 
rail-car as transportation media. 

This brings us to the point where a new type of en- 
gineer is needed, the motor-transport expert, versed not 
only in the construction of motor vehicles, but possessing 
a full knowledge of how they should be operated and 
maintained to secure from them the maximum of effi- 
ciency. Few motor-haulage operations have been lucra- 
tive investments; the difference between those companies 
achieving a substantial profit and the others can gen- 
erally be traced to the presence or absence of a competent 
motor-transport engineer. The motor-transport engi- 
neer must possess the knowledge of traffic control char- 
acteristics of the successful railroad engineer; he must 
be a judge of good equipment in the form of vehicles, 
bodies, loading mechanism and repair tools; he must pos- 
sess the accountant’s respect for costs and be able to su- 
pervise their accurate compilation. Truly, here is an 
opportunity for the analytical mind of the engineer. 

Predictions are dangerous, but one may be hazarded 
here. Automotive engineers must turn their attention 
toward the operating end of the business; the largest 
percentage of the Nation’s motor-transport engineers 
will be graduates of the automotive industry, particularly 
from its engineering branch. It seems logical for the So- 
ciety to become active along automotive transportation 
lines, especially in exerting its influence to promote an in- 
tensive cooperative study of motor-vehicle operation and 
its problems. The Cleveland Automotive Transportation 
meeting is the first step in this direction; it will bring 
together the engineers who design motor trucks, buses 
and rail-cars, and the motor-transport engineers whose 
job it is to make them serve at a profit. 
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N this paper there are discussed the general require- 

ments of a comparatively new type of marine engine, 
that is, the high-speed type. The need for light weight 
is discussed and it is pointed out that aircraft-engine 
design has established a good precedent to follow, par- 
ticularly with reference to crankshaft, connecting-rod, 
piston, cylinder and valve design. 

Detailed discussion then follows concerning the re- 
quirements of this type of engine in respect to cooling, 
lubrication, starting, idling and general operation. The 
equipment to be furnished with the engine is covered in 
a general way and the installation requirements are 
touched upon. 


ASOLINE marine-engine design is apparently en- 
tering a new phase of development. It seems 
that the advances in aircraft-engine construction 

are primarily responsible for this evolution. Not so 
many years ago there was a somewhat similar well-defined 
stage in the progress of marine-engine development, 
when certain automobile-engine principles were applied 
with advantage to motorboat engines. The more im- 
portant of these features were electric-starting and light- 
ing equipment, enclosed valve-mechanism and general 
improvements tending toward weight reduction and more 
silent operation. It should not be inferred that marine- 
engine designers have stood still while other automotive 
engineers have advanced; this is decidedly not the case. 
There are many points in connection with marine-power- 
plant design that are distinctly foreign to other automo- 
tive fields and in this paper particular stress will be laid 
on these problems that have been successfully solved by 
marine designers. 

At present it appears proper to classify gasoline ma- 
rine-engines under three types; (a) the heavy-duty, slow- 
speed, (b) the medium-speed, medium-weight and (c) 
the high-speed, light-weight variety. Although this 
paper is really intended to cover only the last type it 
may not be out of place to discuss briefly the require- 
ments that lead to these three essentially different types 
of engine. Basically, the speed desired of the boat under 
consideration determines which of the three types of 
engine is the most suitable and although there is a cer- 
tain permissible overlapping in the adoption of each 
type of engine for each service, nevertheless the boundary 
lines between the slow-speed, the medium-speed and the 
high-speed engine are pretty clearly defined. 

Below 15 m.p.h. the most efficient powerplant for ma- 
rine service is undoubtedly what is termed the heavy-duty 
type with an engine speed not exceeding 800 r.p.m. at 
the very maximum, with 600 r.p.m as a standard to be 
preferred. Between 15 and 30 m.p.h. the requirements 
call for a medium-speed engine, turning from about 800 
up to about 1200 r.p.m. Above 30 m.p.h. a high-speed 
engine is demanded, which if direct-connected may be 





1M. S. A. E.—Vice-President in charge of engineering, Packard 
Motor Car Co., Detroit. 





Illustrated with Drawineas 





called upon to run as high as 2600 r.p.m. for speeds be- 
tween 50 and 60 m.p.h. 

The demands on a powerplant for high-speed marine 
service do not differ greatly from the requirements of air- 
craft usage. In both cases reliability is paramount, 
light weight very important and economy and smooth- 
ness highly desirable. The load characteristics are al- 
most identical, air and water propellers both requiring 
horsepower varying approximately as the cube of the 
speed. From this it can be inferred that aircraft engine- 
design, on which an enormous amount of work bus been 
expended during the last few years, can be used as a 
basis for the design of this comparatively new type of 
gasoline marine engine, and this applies particularly to 
such important elements in the design as_ the crank- 
shaft, bearing proportions, cylinder construction, valve 
proportions and cooling arrangements and gas veloci- 
ties through the passages. This all does not mean, how- 
ever, that a successful airplane engine can be installed 
in a boat without any changes in design, and give equally 
efficient service as in the air. The high-speed marine- 
engine requires special study in many respects. The 
more important considerations are outlined under the 
following headings: 


(1) Cooling 

(2) Lubrication 

(3) Starting 

(4) Idling and General Operation 
(5) Clutch and Reverse-Gear 

(6) Engine Accessories 

(7) Accessibility 

(8) Direction of Rotation 

(9) Installation Requirements 


CooLING 


Paradoxical as it may seem, the efficient cooling of a 
marine-engine offers more problems than are met with 
in other automotive applications of water-cooled internal- 
combustion engines. While there is an inexhaustible 
supply of cooling water available, its temperature is con- 
siderably below the most efficient operating temperature 
of the engine and the fact that part of the engine is 
generally located considerably above the water-level pre- 
sents another phase of the cooling problem. 

The general requirements are best met by a system 
such as is shown in Fig. 1. The water is taken in from 
the sea through a scoop suitably located so as to be sub- 
merged at all speeds. A shut-off valve is arranged close 
to the inlet for use when working on piping or connec- 
tions below the water-line. A check-valve may be in- 
stalled next in the line to prevent the water discharging 
back into the sea when the engine is stopped. A gear 
water-pump is driven from a suitable accessory shaft 
and, in the installation shown, delivers water to the ex- 
haust-manifold jacket first. The object of this proced- 
ure is to raise the temperature of the water more nearly 
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to that which will correspond to maximum engine ef- 
ficiency, a cylinder-jacket outlet water-temperature of 
140 to 160 deg. fahr. being desirable. It should be noted 
that the pump delivers water to the highest point of the 
exhaust-manifold jacket so that with the engine at rest 
this part of the system will remain full of water, even 
should the check-valve mentioned previously be omitted 
or fail to function. After traversing the length of the 
exhaust-manifold the water is led from the bottom of 
the manifold jacket to the bottom of the cylinder jackets 
through a suitable distributing manifold. The outlets 
from the cylinder jackets communicate with the inlet- 
manifold water-jackets, thus giving the benefit of the 
hottest water available for vaporizing the fuel. After 
leaving the inlet-manifold jacket the water is either dis- 
charged overboard or by-passed back to the pump in- 
take. In certain marine engines, designed by me, a 
thermostat control has been developed which automati- 
cally maintains the correct operating-temperature. As 
shown on the diagram, a thermostat valve of conven- 
tional sylphon construction is mounted in a casing on the 
intake-manifold jacket and whenever the water tempera- 
ture rises sufficiently high the bellows expand and open 
a valve that permits the water to flow overboard. At 
lower temperatures the water is by-passed back to the 
pump inlet and, through being recirculated in this man- 
ner, becomes warmed-up very quickly, assuring good 
idling and acceleration. A very important feature of 
this system is the “pressure”-valve shown in Fig. 1. 
This is a spring-loaded valve opening toward the pump 
inlet which prevents the system becoming airbound when 
starting-up, in case the jackets and piping should not be 
completely filled with water. It will be understood, of 
course, that this valve will open only with hydraulic 
pressure on its under surface so that, if there is any 
air in the system this air will be first expelled through 
the bleed shown at a in Fig. 1, which passage is normally 
used to discharge water into the exhaust-pipe for cooling 
purposes. 

With a cooling system as described no manual adjust- 
ment or other attention on the part of the pilot or 
mechanic is required. It is advisable, however, to in- 
stall a distant-type thermometer in the inlet-manifold 
jacket as a check on the correct functioning of the sys- 
tem. An addition to the cooling system that in some 
installations proves desirable consists of the routing of 
the main sea-water supply through an oil-cooler on its 
way to the engine pump; such a construction is shown 
dotted in Fig. 1. This matter will be discussed at greater 
length under the next heading. 


LUBRICATION 


In a high-speed marine engine, as in an aircraft en- 
gine, the provision of adequate lubrication to all moving 
parts is a matter of first importance. Furthermore, in 
contrast with slower-moving machinery, the lubricating 
system has the additional duty to perform of carrying 
away the heat from heavily loaded, high-speed bearings, 
as well as of serving to cool the interior of the pistons 
to a moderate extent. Needless to say, good engineering 
practice dictates full pressure lubrication carried to all 
crankshaft bearings, with positive lubrication to all 
camshaft and accessory-drive plain bearings and reliable 
splash-oiling to all gears, anti-friction bearings and 
piston-pin bushings. The reverse-gear, when built into 
an integral extension of the crankcase must also be con- 
sidered as a part of the engine and continuous lubrica- 
tion should be provided for all of its bearings, bushings, 
and gears. 


In other respects, however, the lubrication problem is 
very different on the water from what it is in the air, 
For instance, means for cooling the oil in aircraft-engine 
service do not present much difficulty due to the tremen- 
dous blast of air available. In fact, in many installa- 
tions the surfaces of the oil-tank and crankcase are con- 
sidered ample for the purpose, whereas in other cases a 
comparatively small oil-radiator is exposed to the slip- 
stream. In marine service no such favorable conditions 
exist, since there is only a moderate amount of ventila- 
tion in the engine compartment and the crankcase itself 
is thoroughly shielded from what little draft might be 
available. This practically compels the adoption of a 
dry sump-system, and adequate provision must be made 
for cooling the oil in the external oil-tank; this is done 
best by circulating sea water through suitable cooling- 
coils immersed in the oil. A typical construction is 
shown in Fig. 2. In this case all the water used to cool 
the engine is allowed to flow through the cooling tubes. 
In other installations a separate scoop is arranged to 
circulate sea water through the oil-cooler but this does 
not appear to be as good practice as the system previ- 
ously described since it entails more piping and joints 
which are likely to develop leaks. Before passing the 
subject of oil-cooling, it might be well to state that ow- 
ing to the relatively low thermal conductivity of oil it 
is necessary to spread the oil over comparatively large 
surfaces to get the best results. 

Assuming that the lubrication of the engine has been 
satisfactorily carried out and that adequate oil-cooling 
means have been provided, there still remains the prob- 
lem of preventing a surplus of oil reaching the combus- 
tion-chamber while the engine is idling or running under 
light load. This can be accomplished to a certain extent 
by proper piston and ring design but it also appears 
desirable in many cases to lower the oil pressure under 
these conditions. This can be accomplished by either 
a fixed or an adjustable “bleed” arranged so that at low 
speeds the capacity of the oil-pump is insufficient to 
build-up the working pressure, and this simple method 
has proved very satisfactory in many instances. 

The method of “scavenging” the oil from the crank- 
case and reverse-gear compartment, providing the latter 
communicates with the former, is somewhat simpler in 
the high-speed marine engine than in the case of the 
aircraft engine, since the inclination of the marine engine 
while operating at high speed seldom exceeds 15 deg. 
with the bow naturally uppermost, while in the air it is 
necessary to figure on the steepest climb or the steepest 
glide possible which at times may reach an angle of 45 
deg. or more. This means that for marine service a 
single scavenging-pump with the inlet located at the 
rear end of the crankcase will serve to keep the oil- 
level down so that the connecting-rods will not dip or 
the oil tend to leak out of the rear bearing. 


STARTING 


The starting of a marine engine of large power pre- 
sents a problem of more than ordinary difficulty when 
the various limitations are considered. First, since the 
high-speed engines under consideration are being de- 
veloped to obtain the maximum performance for the 
minimum weight, it follows that the weight of the start- 
ing equipment must be kept as low as possible. This im- 
plies the necessity for high efficiency on the part of the 
starting mechanism. The electric starter has proved te 
possess the necessary qualifications for the task. In the 
past there has been a tendency to adopt a rather small 
starting motor geared to run at a very high speed, 
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which naturally entails a train of gears having more or 
less irreversible characteristics. The result-is that to 
protect this mechanism from damage in case the engine 
backfires it is necessary to add some more or less com- 
plicated anti-kick device. Therefore, the mechanism be- 
comes unduly complicated and includes some very heavily 
stressed parts that are subject to failure. 

The difficulty encountered with the extremely low- 
geared electric starters leads to the conclusion that un- 
doubtedly more satisfactory operation can be secured 
with a starting motor having a considerably higher 
gear-ratio, such as is normally employed in automobile 
practice. In other words, instead of a small starting 
motor geared perhaps 100 to 1, it seems preferable to 
employ a much larger starting motor geared about 15 
or 20 to 1. This, of course, entails the development of 
larger and more powerful starting motors and some- 
what heavier apparatus, but it appears that the demands 
for the utmost in reliability must offset other considera- 
tions. 

The failure of the starter to operate should the engine 
stall while maneuvering in close quarters may lead to a 
disastrous collision and, similarly, should the starter 
fail after the engine has been shut-down for any reason 
in a heavy sea, this may lead to serious consequences. 
Special stress is laid on these points because undoubtedly 
starter trouble has been the predominating difficulty ex- 
perienced with high-speed marine engines. 


IDLING AND GENERAL OPERATION 


Next in importance to prompt starting of these engines 
comes the requirement for good idling to assure the boat 
being under control at all times. This is largely a mat- 
ter of proper carburetion, although efficient methcds oi 


March, 1923 
TENDENCIES IN MARINE-ENGINE DESIGN 





























259 


CHECH - ‘ 
VALVE ~ 


y ga 
FR 


a a -—F_ }- ) 
: {Tt 
a i —— 


FOR A MoTORBOAT ENGINE 


controlling the cylinder lubrication and the jacket- 
water temperature are contributing factors in obtaining 
the proper result. The general requirements are very 
similar to those obtaining with aircraft engines, good 
acceleration and smooth running at all throttle positions 
being essential. Although gasoline economy is perhaps 
not so important considering the weight of fuel that is 
to be carried, the economic considerations cannot be over- 
looked. With a high-efficiency engine of the type under 
consideration it is possible to secure a gasoline con- 
sumption as low as 0.53 lb. per b.hp-hr. without resorting 
to unduly high compression-ratios. 

To secure good idling and low-speed operation it is 
necessary to provide for ample flywheel effect. Un- 
fortunately, in the average boat installation it is not 
possible to locate a large-diameter flywheel at the rear 
end of the crankshaft since, due to the inclination of the 
engine mounting, it is necessary to keep the depth of 
the engine at this point as small as possible. It is there- 
fore common practice to place the flywheel at the for- 
ward end of the crankshaft where usually a fair diameter 
can be secured. It is desirable from many standpoints 
to enclose this flywheel; this is not only a matter of 
securing protection from the revolving flywheel which is 
usually provided with gear teeth for starting-motor en- 
gagement but it is also highly important to prevent the 
possibility of water that may collect in the bilge from 
being thrown over the engine by an exposed flywheel. 
It has frequently happened that in a heavy sea sufficient 
water was shipped to immerse the flywheel partially, 
putting the engine out of action through water being 
thrown into the carbureter and over the ignition system. 

It is practically essential to provide a tachometer on 
an engine of this character. This instrument will fur- 
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nish a positive index to the operating conditions of the 
engine at high speed. A somewhat debatable question is 
the provision for a governor. In the hands of a thor- 
oughly experienced man, a governor is probably a more 
or less useless accessory but where twin engines are 
employed and long cruises are undertaken there is no 
doubt that the installation of an engine governor is 
warranted. This is to protect the engine from not 
merely racing occasionally in rough water but from dam- 
aging itself should the clutch slip out of engagement, 
the propeller-shaft break or the load be removed from 
any similar cause. 


CLUTCH AND REVERSE-GEAR 


The multitude of design problems involved in a suit- 
able marine clutch and reverse-gear have been thoroughly 
studied in the many years during which the marine- 
engine has been developed and, aside from possible im- 
provements in materials, there is probably not much 
room for development. The forward clutch is almost 
invariably of the toggle-operated multiple-dise type and, 
excluding perhaps the need for rather frequent adjust- 
ment, this can be considered a perfectly satisfactory 
mechanism. It is also essential to design the clutch so 
as to minimize the drag in the neutral position so far 
as possible. The reverse-gear is generally of the plane- 
tary type with an external contracting band. Consider- 
able detail study is necessary to make this design thor- 
oughly satisfactory and in the majority of installations 
the clamping means for the planetary drum are woe- 
fully inadequate. This is obviously merely a matter of 
suitable proportioning of parts made from proper mate- 
rials and sufficient pressure on the band to provide the 
necessary braking effect. The lubrication of the clutch 
and the reverse-gear on the high-speed engine is a mat- 
ter deserving serious consideration. Although the 
mechanism revolves as a unit when going ahead there 
is need for adequate lubrication when in neutral or re- 
verse. If the reverse-gear housing forms a unit with 
the crankcase, it is good practice to extend the-circula- 
tion of the engine lubricating system to the reverse- 
gear. This can be readily accomplished by suitable pas- 
sages drilled in the crankshaft and in the interior of the 
reverse-gear. The surplus oil, of course, must be re- 
turned to the oil-tank by a suitable suction-tube located 
in the bottom of the reverse-gear housing and in the 
majority of installations it is permissible to allow all 
the return oil from the engine to flow back through this 
suction-tube so that a single scavenging-pump will be 
all that is required. 

There is some question as to the best method of ob- 
taining a floating connection that should be provided 
between the engine crankshaft and the reverse-gear 
drive-shaft; in some cases the crankshaft is positively 
located while the reverse-gear is allowed to float and as- 
sume some fixed position in relation to the propeller- 
shaft. In any case suitable precautions must be taken 
to prevent the propeller thrust being absorbed by the 
crankshaft unless this is contemplated in the design and 
proper means provided. 

The deep-groove radial-type of ball bearing has proved 
to be very satisfactory for absorbing the thrust of the 
propeller-shaft, and is undoubtedly preferable to the 
ordinary ball thrust-type since the radial bearing is ca- 
pable of carrying a certain radial load in addition to the 
thrust load from either direction, this resulting in a more 
compact design. As this bearing sustains a heavy load, 
careful provision must be made for lubrication and cool- 
ing. This can perhaps best be done by casting a down- 
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wardly extending trough on the side wall of the reverse- 
gear housing, this trough carrying the oil that is thrown 
out from the revolving reverse-gear to the bearing 
through suitable passages. Means should be provided to 
prevent the oil-level in the bearing housing from rising 
too high and suitable packing should be installed to pre- 
vent surplus oil from leaking out at the rear end. 


ENGINE ACCESSORIES 


The accessories to be provided for on high-speed 
marine engines do not differ materially from those for 
other types of engines. In regard to the ignition sys- 
tem, it appears that the battery type has certain advan- 
tages over the magneto ignition commonly employed in 
aircraft engines today. This is primarily because a 
storage-battery must be carried in any event for the 
starting of*the marine engine, whereas this is not the 
case in airplanes, electric starting having made little 
headway on aircraft engines. It follows that a gener- 
ator also is required on a marine engine. It appears 
that 12 volts represents a good standard for this service. 
This voltage is suitable also for the running lights of a 
medium-sized boat but in larger boats, where heavy 
lighting requirements are met, it is customary and de- 
sirable to install an independent lighting outfit that 
usually develops 32 volts. In these cases it is probably 
better to divorce the main electrical system from the 
engine system since the batteries used for lighting would 
not ordinarily be suitable for the heavy discharge of cur- 
rent required for starting purposes. 

Gasoline is usually fed to the carbureter by an air- 
pressure system and it is therefore necessary that the 
engine equipment include a small air-pump to develop 
the 2 or 3-lb. pressure required. While on the subject 
of the gasoline-feed system it may be well to state that 
it has become standard practice recently in aircraft en- 
gines to abandon the air-pressure system in favor of the 
gasoline pump preferably of the gear type. However, 
in a boat the possibility of gasoline leaking into the bilge 
always presents a very serious menace. In all gasoline 
pumps, except those of the sylphon type, packing is re- 
quired around the shaft, which packing requires fre- 
quent inspection and adjustment. While touching on 
the gasoline system it might be well to enter a plea for 
very generous filter-screens in the gasoline line. Ex- 
perience has shown that due to condensation and other 
causes water is very apt to accumulate in the gasoline 
system of a boat and there is a tendency for a certain 
amount of rust formation which is very apt to cause 
stoppage of the carbureter jets. For a similar reason 
it is advisable to use brass piping for all gasoline lines, 
and the use of aluminum in carbureters should be dis- 
couraged as it has been shown that aluminum carbureters 
tend to corrode in marine service, this not occurring with 
brass carbureters. 

It has become customary to install remote control- 
switches for the electric starter since this obviates the 
necessity of running heavy cables up to the manual start- 
ing-switch located near the pilot. With the remote con- 
trol-system a small push-button serves to operate the re- 
mote control-switch by a solenoid and the 


connecting 
wires can be small. 


ACCESSIBILITY 
Since the high-speed type of marine engine under con- 
sideration is used exclusively in fast boats, it follows 
that engine-room space is, as a rule, very limited as the 
engine is naturally large in comparison with the overall 
length of the boat. Furthermore, a boat of this type has, 
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TENDENCIES IN MARINE-ENGINE DESIGN 


as a rule, a comparatively narrow beam, so that in many 
installations the engine pretty completely fills up the 
compartment provided for it. It is therefore neces- 
sary, when designing an engine of this type, to give 
very careful consideration to the location of the various 
accessories and other parts of the engine requiring ad- 
justment or inspection. Generally speaking, the Vee- 
type engine lends itself particularly well to these re- 
quirements as it is naturally compact, light in propor- 
tion to its power, and, with overhead valves and the car- 
bureters located in the Vee, these more important parts 
are readily accessible from above. 

In discussing accessibility it is natural that the ques- 
tion should be raised as to the merits of hand-holes pro- 
vided in the crankcase for access to the connecting-rod 
and main bearings. Heretofore, particularly in the 
larger and much heavier slow-speed engines, it has been 
customary to make such provision but the reasons behind 
this practice do not apply to the class of engine under 
discussion. For instance, the former type of engine 
will weigh 15 lb. per hp. and upward, the latter type 
probably not one-fifth as much. This means that it is 
a comparatively simple matter to remove the high-speed 
engine from the boat whenever necessary for major 
overhauling, and this is a far more satisfactory procedure 
than attempting to work in the cramped quarters of the 
engine-room. Furthermore, due to the high-grade 
material employed, the light reciprocating parts and the 
excellent lubrication of the high-speed engine, its bear- 
ing life is exceptionally long. Again, the engine being 
designed as compactly as possible, there is little oppor- 
tunity for providing adequate inspection-openings with- 
out sacrificing strength in the crankcase. When it is 
necessary to give the engine what is termed a “top over- 
haul,” that is, grind the valves, etc., it is usually essen- 
tial to remove the cylinders, and this of course leaves 


the crankcase cylinder bores available as_ inspection 
openings. 
DIRECTION OF ROTATION ° 
With the powerful high-speed engines used in the 


many light fast boats at the present time the element of 
torque reaction has a considerable influence on the steer- 
ing of the boat and for craft engaged in racing where 
turns around the course are invariably to the left it is of 
considerable advantage to have the torque reaction as- 
sist in banking the boat on the turns. This means that 
with a single-screw installation the engine should turn 
clockwise viewed from the rear, this requiring a right- 
hand “wheel.” Such an engine is also used on the right- 
hand side of a twin-screw installation, the left-hand 
engine revolving in the opposite direction. It therefore 
follows that the right-hand engine, if of the vertical 
type, should have the exhaust-manifold on the right-hand 
side and the water outlet on the same side. Similarly 
the carbureter should be on the left-hand side, together 
with whatever accessories can be conveniently arranged 
on that side. 


INSTALLATION REQUIREMENTS 


It is essential in the design of a high-speed marine 
engine for the engine designer to work in close har- 
mony with the hull designer to secure the best possible 
combination of the engine and the hull. The proper 
distribution of weight in a high-speed boat determines 
its performance to a large extent and, while individual 
requirements will vary considerably, there are certain 
fixed principles that may be laid down. Among the 


most important is the depth of the crankcase below the 
center-line of the crankshaft and especially at the rear 
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end it is necessary to keep this dimension down to a 
minimum; furthermore, a low center of gravity is very 
desirable. Suitable provision must be made for con- 
tinuous stringers to support the engine and to avoid 
weakness, no jogs or recesses should be required in these 
timbers. Care must be used in locating the oil, water 
and gasoline connections so that they will be readily 
accessible in the boat. Standard pipe-threads should be 
used wherever oil, water and gasoline connections are 
made to the piping installed in the boat, since this gives 
the boat-builder the widest latitude in selecting standard 
fittings for making the required connections. 

The engine should be furnished with spark, throttle 
and mixture controls in such positions as to connect 
readily with the controls used in the boat. The exhaust- 
manifold, which is naturally included with the engine 
equipment, must be designed so that the exhaust-pipe 
can be connected readily without necessitating any sharp 
bends adjacent to the manifold. The carbureter should 
ke constructed so that all gasoline leaks due to a flooding 
carbureter will flow to a common sump that can be con- 
nected to a drain-pipe to go overboard. The carbureter 
air-intake should be carried to a point where a back- 
fire is not likely to set fire to any possible accumulation 
of gasoline or oil in its neighborhood. 

The reverse-gear operating lever should preferably be 
capable of attachment on either side of the engine to 
suit different installations. The propeller-shaft coupling 
should be furnished with the engine and conform to 
accepted marine standards. 

Finally, complete installation drawings should be fur- 
nished to the boat-builder, together with a power curve 
of the engine, recommendations as to maximum speed, 
diagrammatic layouts of the piping and wiring systems, 
and requirements in regard to oil and gasoline-tank 
capacities. 

As typical of high-speed marine engines there are 
appended below complete specifications of both a 6-cyl- 
inder and a 12-cylinder engine, the former to develop from 
150 to 200 hp., and the latter from 300 to 400 hp., the low 
rating in each case applying to low-compression engines 
adapted to run on commercial gasoline, and the higher 
rating to the same engine equipped with high compres- 
sion and running on doped fuel for racing purposes. 


Bore, in. 5 
Stroke, in. 5% 
Displacement, cu. in. 
6 Cylinders 618 
12 Cylinders 1,237 


Cylinder Arrangement 
6-Cylinder Engine 
12-Cylinder Engine—Two rows 
cluded angle 60 deg. 
Cylinder Construction Built-up individual steel type 
Valve Mechanism 
Single enclosed overhead camshaft over each 
block of six cylinders 
Valve Actuation 
Cylinder Center Distance, in. 
6; except between No. 3 and No. 4, 7% 
Connecting-rods 
9 in. centers, straddle type for 1237-cu. in. 
engine, I-beam section 
Connecting-rod Bolts 
12-Cylinder Engine, Plain Rod, two 7/16-in. bolts 
Forked rod, four 5/16-in. bolts 
6-Cylinder Engine, Plain Rod, four 5/16-in. bolts 
Piston Material Die-Cast Aluminum 
Piston-Rings 
Four, concentric type, lower ring below piston- 
pin, and ground taper 


Vertical in line 
of six cylinders, in- 


Rocker-arms 














































Vol. XII 


262 






Piston-pin Diameter, in. 1% 
Piston-pin Bore, in. X% 
Valves 
Number per Cylinder 2 
Diameter in the Clear, in. 2 
Lift of Inlet-Valve, in. 7/16 
Lift of Exhaust-Valve, in. 3 
Angle of Seat, deg. 30 
Valve-Springs 
Type Helical 
Number per Valve 2 
Valve-Timing 
Inlet Opens 10 deg. late, closes 45 deg. late 
Exhaust Opens 48 deg. early, cioses 8 deg. late 
Crankshaft 
Main Journal Diameter, in. 23% 
Crankpin Diameter, in. 2% 
Effective Length of Connecting-Rod Bearing, 
in. 2 3/16 
Effective Length of Intermediate Main Bear- 
ings, in. 1 7/16 


Effective Length of Center Main Bearing. in. 2 11/16 
Crankcase Material 
Type 
Aluminum Box Section, split on center- 
line of shaft. The lower half has contin- 
uous flanges for bolting to engine timbers 
and includes reverse-gear housing. The 
lower halves of the main bearing are car- 
ried in the lower half of the crankcase 
Ignition 
Battery-generator type, consisting of complete 
two-spark distributor for each set of six cylin- 
ders 
Water-Pump 
Gear type, independent pump for each set of 
six cylinders 
Carbureter 
Two duplex 2-in. plain-tube carbureters for 
12-cylinder engine; two 2-in. single carbure- 
ters for 6-cylinder engine 
Oil-Pump 
Duplex-gear type, one scavenging-pump, one 
pressure-pump 


FEBRUARY COl 


HE meeting of the Council held in New York on Feb. 26 

was attended by President Alden, First Vice-President 
Crane, Vice-Presidents Warner and Masury, Past-President 
Bachman and Councilor Scott. 

The financial statement as of Jan. 31, 1923, showed a net 
balance of assets over liabilities of $120,404.54, this being 
$10,229.22 less than the corresponding figure on the same 
day of 1922. The income of the Society for the first 4 
months of the current fiscal year amounted to $91,950.59. 
The operating expense during the first 4 months of the cur- 
rent fiscal year was $93,532.15. 

Fifty-seven applications for individual membership and ten 
for student enrollment were approved. The following trans- 
fers in grade of membership were made: From Associate to 
Member, E. W. Kimball, G. L. Crosby, C. S. Price; Foreign 
Member to Member, Charles A. Bennet, E. N. Rahusen, 
Wallace M. Van Deusen; Service Member to Member, Gordon 
R. Pennington; Member to Service Member, J. H. Geisse; 
Junior to Member, Erwin L. Bare, Louis C. Huck, John F. 
Wyzalek, W. E. Shively; Junior to Associate, M. Lair Hull. 

It was reported that up to Feb. 26, 1923, 165 applications 
for membership had been received during 1923, as compared 
with 113 received during the first 2 months of 1922, and 136 
during the first 2 months of 1921. 
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Electric Starter 

Automatic gearshift with 15 to 1 reduction 
Starting Switch 

Remote-control type 
Generator 

Third-Brush regulation, 12 volts 
Exhaust-Manifold 

Water-Jacketed, built-up sheet-steel type 
Water-Temperature Control 

Full-Automatic thermostat system 
Forward Clutch 

Multiple-Dise type, pressure-lubricated, toggle 

engagement 
Reverse-Gear 

Planetary type, woven-asbestos lining on brake- 

band 
Thrust Bearing 

Deep-groove, radial ball-bearing type 
Weight, lb. 

6-Cylinder Engine 


900 
12-Cylinder Engine 1,150 
Rating of Six-Cylinder Engine, hp. 
5 to 1 Compression-Ratio at 1800 R.P.M. 150 
6% to 1 Compression-Ratio at 2000 R.P.M. 200 


Horsepower of 12-cylinder engine is double that of the 
6-cylinder engine in each case 


It has been attempted in this paper to point out that 
the tremendous increase in speed of displacement boats 
has created a need for a new type of marine engine. 
It is believed that the requirements of the service have 
been pointed out sufficiently well to make a convincing 
argument in favor of the special light construction de- 
scribed as compared with the heavy construction used 
heretofore in slower-speed marine engines. There are 
undoubtedly a number of valuable lessons to be drawn 
from aircraft-engine design and in many respects the 
materials used and the method of design will be identi- 
cal in both cases. In other respects the requirements 
of marine service differ from other automotive practice 
and there is p'enty of room for the marine designer to 
show his ingenuity. 


JNCIL MEETING 


The following appointments to the Standards Committee 


were made: 
oy Sg Oe Motorboat Division 
ey ii eie oeS wow ewan Truck Division 
Ls Bo BeechenGale.......... Axle and Wheels Division 
ee ee Iron and Steel Division 
Sy As olen Pi a a, ares ag eiarde Iron and Steel Division 


It was decided not to assign the subject of tire-chain clear- 
ances for consideration in connection with the standardiza- 
tion activities of the Society. 

Walter F. Graham was appointed to serve as the Society’s 
representative on the American Society for Testing Mate- 
rials Committee on Malleable Irons. 

R. E. Brown was appointed by President Alden to serve 
as the Society’s representative on the Consulting Committee 
on Lumber Standardization, City of Washington. 

T. J. Litle, Jr., was designated a member of the Research 
Committee. 

A. L. Riker was appointed a member of the Highways 
Committee. 

The next meeting of the Council was tentatively scheduled 
to be held in Cleveland on April 25, the day preceding the 
opening of the Society’s Automotive Transportation Meeting 
which will continue until April 28. 
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Immediate Possibilities of Commercial 
Airplane Service 


By C. G. Prrerson! 


TATING that the heretofore impassable barriers to 

commercial aviation have been costs and the lack of 

. desire of the public to fly often, or to fly at all, the 
author proposes that the public, which must constitute 
the market for airplanes on a commercial basis, be 
educated by a demonstration of safe and reliable pay- 
load airplane-service extended over an indefinite period, 
and outlines a plan that includes the surmounting of 
cost deterrents. 

He marshals arguments and statistics to show that 
such a public demonstration can be made by a proper 
and adequate equipment, operation and maintenance 
of the Aerial Mail Service, since it has been demon- 
strated already by this service that mail can be car- 
ried safely by air and that it can be flown through 
hard Northern winter weather. His statistics include 
a consideration of the present volume of mail, spe- 
cial-delivery-letter and parcel or package-carrying 
possibilities as revenue producers, being inclusive 
also of the postal rates necessary under such condi- 
tions. 


— 


An estimate on the cost of equipping and operating 
a night-flying line between New York City and Chi- 
cago, based on present equipment, is given. The author 
believes that passenger traffic would follow unsolicited 
just as soon as the public realized that the mail air- 
planes were flying safely and on-time. 


‘A HIS meeting is to be devoted to a discussion of the 
4 design of commercial airplanes. What are they, 
and what will they be used for? Let us consider 

first a few unpleasant facts; then I will point out how 
commercial airplanes can be used and what they will be 
used for. We are entering the fifth year after the war, 
in what had been predicted to be the age of commercial 
aviation. But during these years not one American com- 
pany that I know of has sold a single commercial air- 
plane in the United States at a price to meet the con- 
struction cost of the airplane, the engine, and its acces- 
sories. To be sure, some new airplanes have been built 
and have been sold, but they have been equipped with 
wartime engines. Some new engines have been sold, but 
they have not often been placed in new airplanes. Sales 
of completely new equipment, airplane, engines, instru- 
ments, propellers, and accessories, sold as a complete unit, 
and all above the cost of production, are unheard of for 
commercial work. We read of and see companies and 
individual flyers carrying passengers, but what com- 
pany in America could afford to carry passengers if it 
had to pay the first cost of the airplanes and the engines. 
The Army patrols portions of the forests for fire pro- 
tection, but no new airplanes have been sold to it or to 
individuals for that purpose. The Navy has done large- 
scale mapping, but neither the Navy nor civilians are 
buying new flying equipment for that purpose. The Post 
Office Department flies some mail, but has its own shops 
for rebuilding wartime DeHaviland airplanes and Liberty 
engines. The most discussed fields for commercial avia- 
tion are passenger carrying, photography, forest patrol 
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and the transportation of mail and express. If in 5 
years not a single complete American airplane has been 
sold above first cost for these purposes, for what com- 
mercial purpose shall we design either commercial air- 
planes or engines? We must find a market that can 
afford to purchase new equipment before we can design 
for that market. 

Thus far, I believe we all shall agree that the impassa- 
ble barriers to commercial aviation have been the cost and 
the lack of desire on the part of the public to fly often 
or at all. If we spread the cost very thin, and do not 
ask strangers to fly, does not the prospect look brighter? 
There is such a market ready and waiting, a market 
that will buy airplanes and engines eagerly as soon as 
they are proved to be better than the existing types. 
In this market any notable improvement that will in- 
crease the durability, economy or safety will find a ready 
sale. The requirements will be set forth so clearly that 
designers will be relieved from the present impossible 
situation of designing something for which there is no 
use or no sale. This market needs only to be told the 
story plainly and it will be sold, sold for all time, and 
will stay sold. This market is the people of the United 
States as represented in the biggest business on earth, 
the United States mail. 


WHAT THE AERIAL MAIL HAS DEMONSTRATED 


Facts and figures to prove this are abundant. The 
industry is immeasurably indebted to Congress for a 
continuance, during the last 4 years, of appropriations 
that have allowed the demonstration in an experimental 
way of two essential facts; that mail can be carried 
safely by air, and that it can be flown through winter 
weather in the North. This demonstration has been on 
a sufficiently large scale so that these facts cannot be 
disputed, in Congress or elsewhere. Another fact is the 
volume of mail to be carried, millions of letters daily 
that require no drumming-up of business. Still another 
is that the millions of special-delivery stamps sold yearly 
demonstrate that thousands of people are always in a 
great hurry to have their mail delivered, even though 
they know that special delivery means a saving of a very 
short time at the delivery end only. The volume of tele- 
grams and night letters further proves this. 

Here are more facts that have an important bearing. 
Carrying parcels by post costs millions of dollars more 
than the revenue received from postage, yet it was 
eagerly adopted and never will be discontinued. It costs 
more to deliver rural free-delivery mail from the local 
postoffice to the patron than the entire revenue developed 
at the point of origin amounts to, but who believes the 
rural free-delivery will be discontinued? As a final fact, 
the people, through their representatives in Congress, 
have been willing for decades to take a loss in carrying 
mail. This year it is predicted that the cost of the Post 
Office Department will exceed the revenue by about $60,- 
000,000. If by air mail days can be saved instead of 
hours, if the revenue of the Post Office Department can 
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be greatly increased and the operating deficit not mate- 
rially increased, will more facts be required to get a 
market for our designers? 

Let us scan some figures to substantiate these facts. 
Every day there is mailed in New York City for delivery 
in Chicago an average of 160,000 letters. But this, by 
no means, represents the full amount of first-class mail 
sent daily from New York City to Chicago. The average 
amount, I have been told, is about 25 tons, which is the 
equivalent of 2,000,000 letters per day, the difference 
representing gateway mail at both points and mail matter 
other than letters. Most of this mail leaves New York 
City after 5 p. m., and cannot be delivered under 30 hr. 
after the train leaves New York City, much of it being 
over 41 hr. on the way. To beat this time and to save a 
whole business day, New York City-Chicago mail must 
be flown all or part of the way at night. With proper 
beacon-lights and properly lighted emergency fields at, 
say, 20-mile intervals, with radio on the airplanes and 
radio-direction-finders on the ground, night-flying is pos- 
sible. 

We have prepared extensive estimates on the cost of 
equipping and operating a night-flying line from New 
York City to Chicago, based on the present known flying 
equipment, with the contractor providing his own fields, 
radio and lights. For four airplanes each way daily the 
cost will be less than $2,000,000 per year. These four 
airplanes would handle about 100,000,000 letters per year 
if they were carried all the way by air, or twice that 
number if carried part way by train and part way by 
air. But it is safe to assume that 150,000,000 letters per 
year between these two cities could be expedited 1 busi- 
ness day at a gross cost of $2,000,000, or about 1% cents 
per letter. The Post Office Department estimates the 
present cost of handling a letter at about 1 cent; there- 
fore, if the present cost of 1 cent were added to the air- 
transmittal cost of 1% cents, the cost to the Govern- 
ment above the 2-cent rate would be only % cent per 
letter and the total cost to the Government would be 
only $500,000. It has been proposed by the Post Office 
Committee, for very good reasons, to charge a 6-cent 
rate for air mail and to make up the rest of the load 
with regular-rate mail matter. On this 6-cent rate there 
would be a profit to the Government of 3% cents per 
letter; and 44,000 of these air stamps sold per day would 
yield sufficient profit to offset the $500,000 cost per year. 
Forty-four thousand letters are only about 2 per cent of 
the mail carried at present on this route. To prevent 
misunderstanding, let me repeat that this cost is based 
on four airplanes daily each way and a 4-year contract. 
The cost cannot exceed $500,000 and may be nothing. 
With two airplanes daily the cost would be about $1,500,- 
000; with one airplane about $1,000,000 per year. The 
authorized rate to be paid to the contractor if such a 
thing were necessary, should be sufficient to cover the 
latter case, or 5 cents per cu. ft. of mail compartment 
space per mile. I do not think it would be necessary for 
Congress to specify a maximum or a minimum rate, 
because it has not done so in the appropriation for ex- 
pediting foreign mail by air. It will be remembered that 
for years $150,000 per year has been appropriated for 
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expediting foreign mail by air with no limit as to the 
rate. 


THE EFFECT ON THE DESIGNER 


This is where the rate begins to affect the designer, 
It probably would take 60 airplanes and 80 engines to 
cover the four-airplane route, as described above. Based 
on a 1000-hr. life, the airplanes would be worn-out in 
less than 3 years; so there would be a steady market for 
20 airplanes and 27 engines per year on this one run. 
It is certain that if the New York City-Chicago route 
were established, other lines would be demanded and 
provided. The first extensions, perhaps, would be to 
St. Paul, Omaha, Kansas City and St. Louis, because all 
these cities could get the mail from New York City the 
day after it was posted, and would save 1 or 2 business 
days. Other probable routes would be two lines to the 
Pacific coast, one north-and-south line east of the Rocky 
Mountains, one from Chicago to New Orleans and one 
each on the Atlantic and the Pacific coasts. The total 
mileage might soon reach 15,000 miles, which would re- 
quire from 500 to 600 airplanes, with a heavy yearly 
replacement of both airplanes and engines. 

The design of airplanes for carrying mail from New 
York City to Chicago should be predicated on a mail-load 
of at least 1000 lb., a maximum speed of 125 m.p.h., and 
an economical cruising-speed of 100 m.p.h., with a fuel- 
capacity for not less than 350 miles. Forty letters weigh 
about 1 lb. and 1 cu. ft. of mail weighs about 25 lb., so 
that considerable weather-proofed cockpit space must be 
provided in a location that is free from fire hazard. A 
twin-engine airplane designed to fly well with one engine 
would, undoubtedly, be much more valuable for night- 
flying than a single-engine airplane. One such airplane 
was almost completed in Germany before work on it was 
ordered stopped vy the Allied Commission. The im- 
proved vision of a twin-engine airplane, in that the pilot 
does not need to look through a propeller, almost equals 
in importance the added safety of such an airplane. 

Passenger traffic would follow unsolicited as soon as 
the communities realized that the airplanes were flying 
safely and on-time. There would be little need of pro- 
viding passenger space in mail airplanes, other than 
room for one passenger, perhaps, and that need not be 
made more comfortable than the pilot’s seat. Mail air- 
planes will usually be loaded to their full capacity with 
mail and will leave at times and from places that may 
not be convenient for passengers. When passenger busi- 
ness comes, airplanes can be designed for it, but they 
will be as different from mail airplanes as Pullman cars 
are different from railway post-office cars. 


Congress will not take action on this matter this term 


because of press of business. But at the next session 
plans should be made so that the matter can be presented 
clearly and forcefully. Not less important will be the 
presenting of facts to the people at large, so that they 
can understand what it will mean to them individually. 
So far as commercial aviation goes we have run round 
in circles for nearly 5 years. Here is a straight course. 
When the time comes to act, let us be able to depend 
on your support and efforts. 
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Service and Its Relation to the Industry 





By Ovis C. FuNpDERBURK! 





CricaGo SERVICE MEETING PAPER 








FTER outlining the ideas regarding the success of 
4 a service-station which the author had when he 
entered the service industry, such as a convenient loca- 
tion and consistent newspaper advertising, the 24-hr. 
service that his organization is prepared to furnish 
for Ford cars is described briefly. The methods em- 
ployed in getting service work on Lincoln cars by the 
use of circular and personal letters are commented on 
briefly, it being pointed out that January and Febru- 
ary are now two of the best months in the year as 
regards the amount of service work performed instead 
of being dull. The importance of a modern tool-equip- 
ment and the careful selection of the personnel for a 
service-station are mentioned, emphasis being laid upon 
the fact that in a service organization the men should 
have a fundamental education for their work. 

A number of pieces of special equipment that have 
been purchased from outside manufacturers or devel- 
oped by the author’s own organization are illustrated 
and described. Among the latter are an inclined plat- 
form for raising the front end of the car when work 
has to be done on the engine from underneath, a special 
spark-synchronizing device and a rig for relining 
brakes. The importance of having a thoroughly com- 
petent floor-man to meet the customer and write the 
repair order is emphasized; and a brief description of 
the method of handling work in the shop is given to- 
gether with an outline of the road-test that is made 
of all jobs that necessitate any change in the running- 
gear of the engine. The importance of delivering the 
car to the owner on time, clean and free from tool- 
marks is pointed out. 

The flat-rate system of service charges receiveS con- 
sideration, the author being of the opinion that eventu- 
ally practically all maintenance work will be handled 
on that basis. The way in which the flat rates charged 
by his service-station were arrived at are outlined 
briefly. An indication of the way in which cost data 
on an operation are secured and distributed among 
the various accounts completes the paper. 


ERVICE is to the automobile business what safety- 
vaults are to the banker. Both are essential to the 
security of the business. Today we have graduated 

the industry into the greater realm known as “trans- 
portation service.” This embraces rail, electric and 
steamer lines and motor cars and trucks. The motor 
car is now sold as much by the satisfactory reputation 
of the service-station of the dealer as by the efforts of 
the sales force. One of the first questions asked by a 
prospective customer is, “What kind of service do you 
give?” Service should be founded upon a mutual under- 
standing based on honesty. 

When we started our business we had certain ideas 
which have proved successful. First was a convenient 
location. We therefore built upon a corner of the most 
prominent thoroughfare in Boston, Commonwealth Ave- 
nue, which is in the heart of the automobile district. It 
was more costly but it has more than repaid us in ad- 
vertising value, as well as proved a great aid in sales and 
service. Our firm was made up of practical executives 
who had had extensive experience in dealing with own- 
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ers of high-grade motor cars, and we aimed to make 
service an asset and not a liability. From the start we 
were firm believers in advertising and used the news- 
papers consistently. We made an analysis of circula- 
tions. Our new building was fitted up so that it was not 
outranked by any other in the city. An electric sign 
on the roof that could be seen for miles in all directions 
flashed the name Lincoln every few seconds. It now 
flashes both Lincoln and Ford names and the fact that 
we give 24-hr. service on Ford cars. 

We decided to follow right through with the owner in 
a service way from the very day he took delivery of his 
car, our first step in this direction being to attach a 
small tag to the instrument-board regarding the chang- 
ing of oil and grease, the care of the battery, etc. In 
view of the fact that we had a new account we felt that 
a large proportion of our service work at first would 
come as a result of accidents to customers’ cars. Our 
plan for taking care of cars that have been in collisions 
is efficient without involving brass-band methods. In- 
stead of a service-vehicle painted in bright hue, with 
machinery and tackle like those on a wrecking train on 
a railroad, we send out two cars. The owner with his 
family transfers into the first one and goes away from 
an embarrassing predicament, and the wrecked car is 
towed quickly and quietly to the service-station. We 
have found that our owners appreciate this spirit of co- 
operation on our part. 


24-Hr. SERVICE ON ForRD CARS 


When we took on the Ford account we inaugurated 
our 24-hr. service for Ford cars. This has proved very 
successful. Owners of fleets, especially, realize how much 
it means to know that they may have any disabled car 
brought in at night for repairs, and have it back on the 
job the next day unless too badly damaged to make this 
possible. This has not only brought us much service 
work but also many sales. The police departments of a 
number of the cities and towns adjoining Boston now 
telephone us when a car is disabled or abandoned and 
ask us to come out and remove it from the highway, no 
matter what make of car it may be. We find now that 
five men can operate the night shift. In an emergency 
they can make up two wrecking-crews, leaving one man 
in charge of the shop; and when not on the road they 
can take care of an extremely large amount of repair 
work. The percentage of towing jobs are 35 per cent 
at night and 65 per cent by day. 

Our method of getting work into our shop has, per- 
haps, been rather unusual, especially’ in connection with 
the Ford service. Shortly after we started handling 
Ford cars, we made an investigation and found that we 
were not getting much repair-work, this being due to the 
fact that the Ford business in and around Boston is ex- 
tremely well organized and it is rather difficult for a 
new-comer to break into the service work. We there- 
fore secured a list of Ford owners in greater Boston 
and to some 25,000 of these we issued-a card very simi- 
lar to that given by a club to a member. The owner’s 



































































Vol. XII 
266 





Pointed ends off cerrter fo heep gage 
turned with scale yp 


F This end telescopes within the tube and is held ] 
! ft agaitst the tire by a coiled spring. Scale on the 
1 |; —} sliding part registers exact “toe ih "witt> ome ae 

| pointer ontube. Scalemay besetatrero ; Adjustment provided tor different tires 


Ls -—__— _ + 







Chans- Gaging height B fire| 
T= hla | 


Onn 





pPoacgenaeonr 


ener 


Floor, 


Fie. 1—FRONT-WHEEL GAGE THAT IS ADJUSTABLE FOR VARIOUS 
SIZEs OF TIRE 

name was written on the card which stated that he was 
entitled to inspection and adjustment of the ignition 
system on his car at 30-day intervals, for which no labor 
charge would be made. On one side of the card was an 
illustration of our building, the 24-hr. service being 
featured. Above this engraving was a place for enter- 
ing the dates of inspection. The results were surprising. 
Many Ford owners called to look our building over, some 
coming at night because that was their only available 
time. Very soon the word went around that here was 
a place to get something done at any time and gratis if 
warranted. To give actual figures, an average of 25 
owners a day called at our Ford repair-department in the 
first two months. Many asked questions about ignition 
which were answered courteously and thoroughly. A 
large number bought coil-points, generator cut-outs, 
timer parts and similar supplies. Most of them are now 
permanent customers. We have sold 30 or 35 new Ford 
cars in this way; and all of these sales will aid us in 
building up our Ford business. 

In connection with getting service work on Lincoln 
cars, we have kept in touch with our owners by circular 
and personal letters. About the middle of October, we 
send out a circular letter stating the percentage of alcohol 
to obtain a proper anti-freeze solution and advising own- 
ers what our charge will be for it. When the tail- 
lamp regulation went into effect in Massachusetts we 
went to the trouble of having a specially designed bracket 
made to attach a high-grade tail-lamp to Lincoln cars. 
We then sent out a circular letter to all Lincoln owners, 
and as a result attached tail-lamps to approximately 80 
per cent of the Lincoln cars in Massachusetts, despite 
the fact that some 30 or 35 lights were being marketed 
at a lower price than the one which we offered. This was 
striking evidence of the fact that owners of high-grade 
cars are not penurious when it comes to buying some- 
thing really good for their cars. About the middle of 
December, we send out a circular letter to all our own- 
ers telling them that the best time has arrived for over- 
hauling and repainting their cars. This enables us to 
get in a large amount of work during the period which 
is usually dull, and, due to the good profit in repaint 
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work, January and February stand out as two of the 
best months in the year as regards the amount of service 
work performed. As we have no paintshop of our own 
we job the work out to two or three shops near by at 
wholesale prices. When we notice on a customer’s ser- 
vice card that he has not had his car in the shop for 
some time, we either write him a letter or get in touch 
with him personally to find out if he is dissatisfied. This 
is very rare, however, as upon the completion of a 
service job we usually write the owner asking him if the 
work has been performed satisfactorily and if he has 
any comments to make. If there are any criticisms or 
misunderstandings they are straightened out without 
delay. 


MODERN EQUIPMENT AND TRAINED PERSONNEL NECESSARY 


After getting the work into the shop, it is up to us to 
see that it is performed in accordance with our policies 
as set forth in the preceding paragraphs. This means 
that our equipment must be thoroughly modern and that 
our workmen must be efficient and well-trained. Of 
course, the small dealer in the little town cannot carry 
100 per cent tools and machinery, but he should be sold 
on the idea that no chain is stronger than its weakest 
link; that slipshod methods in the smaller towns eventu- 
ally will reflect upon the distributor, and through him on 
the maker, thereby lessening sales at a cost to all con- 
cerned. The distributor should keep in close touch with 
the outside dealers to aid them when service problems 
come up; not in a patronizing way, but with a spirit of 
cooperation. The small dealer may be able to give the 
distributor ideas; coordination will build up the entire 
organization. When the service everywhere, or nearly 
everywhere, is uniformly good it becomes known to each 
owner through other owners, and the owner then begins 
to take an interest in his car, so that the chauffeur will 
not be allowed to take a car to some friend to have it 
repaired. It is one of the best methods to get the work 
inside your doors. 

The personnel should be selected carefully. It cannot 
be done in a week or a month. In our organization we 
have been building up the personnel from the start. 
We treat our men in such a manner as to give them a 
feeling of trust and confidence. We do not jump on them 
when they make a mistake. They have been taught to 
know that mistakes are costly; that they may be avoided 
by using common-sense and judgment; that it is better 
to prevent them at the start. So our workers are not 
afraid to ask questions or let some one know they are 
puzzled by a certain bit of work. This has been brought 
about by asking men to rectify mistakes they have made 
by working at night without pay. They have agreed 
that this is fair and do it without grumbling. But the 
men learned their lessons so long ago that we have mini- 
mized mistakes now. This has resulted in eliminating 
that bugbear of service departments, concealed mistakes. 

This is the age of specialists. Therefore, in a service 
organization the men should have a fundamental educa- 
tion for their work. On our ignition jobs we put men 
who have been educated in the underlying principles of 
electricity. Other men do all their work on transmis- 
sions. Various other parts of the car are taken care 
of by men who have developed for just those things. 
This leads to efficiency. When the ignition man has a 
magneto to take down, being skilled, he goes to the tool- 
rack and picks out proper wrenches, screw-drivers and 
other tools needed for the job. The unskilled man takes 
a couple offhand, goes back to his bench and tries them; 
they may not fit, and he makes a second, third or fourth 
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trip, mentally guessing what he needs. That means just 
so much more time that the owner is paying for; waste 
time in getting the repairs done as specified. The same 
applies to other jobs. In our service department we have 
overcome this through talks to the men, and also by 
having experts come in to show what can be done through 
systematic effort. The results accomplished in this way 
have been extremely satisfactory as the men take pride 
in the efficiency with which they do their work. 

It is a fact that work cannot be efficiently done with- 
out the proper tools. The manufacture of labor-saving 
devices for automotive work has become a complete in- 
dustry in itself. There is no excuse for any service- 
shop trying to get along without the proper equipment. 
For a small extra charge we had a representative of a 
large socket-wrench firm call and design wrenches for us 
that would fit the various jobs. For instance, they fur- 
nished a double-end Ell wrench that fits both the cylinder- 
head and the intake-manifold nuts. This type of wrench 
which cuts down the number of tools a worker has on 
the job is invaluable as a time-saver, yet its cost is 
trifling. Precision tools also have become familiar to us 
and are a necessity. Pistons, crankshafts and cylinders 
cannot be properly inspected without micrometers. 
Crankshafts or connecting-rod bearings cannot be tested 
for eccentricity without an indicator gage and the proper 
clamps for holding it in the various places of application. 
This sort of equipment assists a worker in immediately 
locating the source of trouble. How could the noise in a 
tappet due to a flat spot in a cam roller be located with- 
out accurate measuring devices? Builders of motor cars 
generally are able to supply the service-man with a good 
line of special wrenches, puilers and other tools which 
are of great value. 


SOME SPECIAL EQUIPMENT 


Out of all the various duplications of devices by differ- 
ent manufacturers, there is generally one that appears to 
be so much better as to make the sales success of any of 
the others seem a mystery. Such a device is a front- 
wheel gage illustrated in Fig. 1 which is manufactured 
near Boston by a small company. The ingenious manner 
in which the complicated process is performed accurately 
has made this gage very popular with local service-men. 
When this gage is in use it is placed between the front 
wheels on the forward side of the axle with the pointed 
ends bearing against the tires and the pendant chains 
with their ends just touching the floor. Both ends are 
telescopic, one being adjusted and set for the various 
sizes of tire and the other being forced outward by a 
coil spring inside the bar. The tension of this spring 
and the pointed ends are sufficient to hold the gage in 
position. The sliding end carries a graduated scale that 
is adjustable and can be set at zero after the gage is in 
place. The pointed ends being off center, the scale is 
always on the upper side where it can be easily seen. 
After this gage is in place the car is rolled forward until 
the gage is behind the axle and the chains again have 
their ends just touching the floor. The toe-in is then 
read from the scale. This reading is accurate regardless 
of irregularities in tire mounting and untrue wheels be- 
cause the gage is not moved between readings. 

Another device that is a great time-saver and makes a 
dangerous operation safe for the worker is the valve- 
spring compressor that is illustrated in Fig. 2. Every- 
one who has worked on engines has a dread of placing a 
valve-spring in a vise together with two little blocks and 
then fitting a pair of clips to hold it while putting it in 
position. The equipment pictured here compresses the 





Fic. 3—ONE OF THE INCLINED PLATFORMS THAT Has BEEN DEVEL- 
OPED To RAISE ONE END OF A CAR CLEAR OF THE FLOOR AND PERMIT 
A MAN TO WorK UNDERNEATH 


spring with an ingenious lever and toggle arrangement 
and the double clip with the handle is absolutely safe 
against slipping. Complete sets of these clips om the job 
eliminate unnecessary trips by the mechanic between the 
car and the spring compressor which is screwed to the 
bench. This rigging has found great favor with our 
mechanics. 

In Fig. 3 will be noticed a large floor-type Alemite gun. 
With the use of this gun we are able to grease a car in 
less than half the time necessary with a hand-gun. Re- 
ferring to the photograph, a stroke of the lever, which is 
seen in a horizontal position on top of the container, 
forces into the part to be lubricated 1% cu. in. or so of 
grease under pressure as high as 2500 lb. Additional 
pressure is applied only on the lever and is not stored 
up in any way. This is a great advantage over the screw 
type of hand-gun that must first be screwed up to apply 





Fic. 4—DIAGRAM OF THE SPARK-SYNCHRONIZING DEVICE 
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the pressure and then unscrewed before disconnecting 
the hose. 

We maintain a small engineering office in which de- 
velopment and advancement work is carried on. When 
the need of some device is felt and there is nothing in 
the market to cover the work, equipment designed to 
meet the approval of those concerned is built. Such a 
product is the spark synchronizing device for the Delco 
ignition system on a Lincoln car which is arranged with 
a separate breaker for each bank of four cylinders. One 
of the adjustments which is most important to the per- 
formance of the car and one of the most difficult to make 
exactly right is the synchronizing of these two breakers. 
The spark must have exactly the same advance in both 
sides of the engine. Referring to the diagram that is 
reproduced in Fig. 4, the breakers are located on the 
posts at a which are fastened to the base plate. The base 
plate in turn is fastened to the distributor main casting 
with three screws. These screws at b pass through a slot 
in the plate that permits the whole plate assembly to 
oscillate about the third screw at c. This oscillation 
changes the angular relation of the two breakers and 
permits of an accurate synchronization. Our method of 
making this adjustment is very simple and very accur- 
ate. After removing the distributor head and rotor the 
pointer shown at d is slipped over the cam and a pencil 
mark on the distributor casting is made opposite the 
pointer wherever it should happen to be. The protractor, 
which has a pilot on the under side fitting the casting 
bore, is laid in position on top of the distributor casting 
and the screw that spreads the shaft inside the cam is 
loosened. The pointer may now be revolved freely about 
the shaft without turning the engine over. A small 
light on a dry-cell circuit is wired to each breaker so 
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Fic. 5—THE SPARK-SYNCHRONIZING DEVICE IN USE ON A CAR WITH 
THB Dry CELLS AND THE PAIR OF INDICATING LIGHTS ABOVE 
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Fic. 6—J1c FoR RELINING BRAKES 


that the light goes out when the contacts break. The 
Lincoln cylinders being spaced on an included angle of 
60 deg. the pointer should travel 30 deg. from the first 
spark to the second and 60 deg. from the second to the 
third. The protractor is graduated every 30 deg. and 
shows the permissible tolerance of 2 deg. in either direc- 
tion. We find that if the points are smooth and the gap 
properly adjusted and the break occurs within the toler- 
ance but not exactly on the exact point it can be cor- 
rected by slightly adjusting the gap but if the break 
occurs more than 2 deg. off it is necessary to change the 
position of the plate. It will be noticed that this is also 
a check on the workmanship of the cam and makes it 
possible to set these breakers to give the best results in 
all eight cylinders, in place of adjusting from two ad- 
jacent cylinder markings on the flywheel. After this 
adjustment is made the cam set-screw is tightened, locat- 
ing the pointer from the pencil mark on the casting, and 
the distributor is reassembled. The use of this device is 
obviously a great time-saver over the old method of tak- 
ing up the floor and the clutch cover and adjusting from 
the marks on the flywheel while turning the engine over 
by hand. It is also seen that it is vastly more accurate 
when account is taken of the lag in the timing chain and 
of the tolerances adding up in the many parts that form 
the drive between the crankshaft and the distributor. 
Fig. 5 shows the general layout of this device, the wooden 
box carrying the dry cells and the pair of small lights in 
their protecting cage. 

Relining brakes has always been a mean job. It is 
very difficult to hold at one time the band, the lining, the 
small rivet and the punch. This process is common 
enough to merit a business-like and efficient rig. The 
sketch reproduced in Fig. 6 shows the stand that is 
bolted to the bench and the method of mounting a brake- 
drum on a shaft so that it can be turned about its center 
and also raised off the dies. The band and the new lining 
are placed on the outside of the drum and tightened into 
place. A %-in. hole located at each rivet in the drum 
permits all the holes in the new lining to be drilled at one 
time. The tubular rivets, which we have found entirely 
satisfactory, are all pushed into place and then riveted 
from the inside of the drum, through the series of holes, 
using the dies to hold the rivet-head. The coiled spring 
is adjusted so that it is capable of just balancing the 
weight of the drum assembly. The weight of the punch 
in the worker’s hand easily holds the rivets down to the 
dies but, upon releasing, the coiled spring forces it up to 
a position where all the irregularities on the band clear 
the die and the drum can be revolved on its shaft. This 
method has worked, out very well and made it possible 
to reline a brake in less than one-half the time consumed 
when using a vise. 
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We have found that chain-falls mounted on a rail are 
far in advance of any portable jacks and hoists. They 
can be used for removing the body, the engine or the 
rear end. We hoist the front end of the engine for tim- 
ing work in place of jacking up from underneath. It is 
necessary, however, when doing piston or bearing work 
from the underside to have the car very steady. The 
swinging resulting from chain-falls retards the use of 
indicator gages and other measuring tools. For this 
work we made up the inclined platforms shown in Fig. 3. 
They are of exactly the right height to permit a man to 
work comfortably on a floor-creeper and yet they in no 
way inconvenience him. The car can be driven on and 
off of these platforms without difficulty. 

We have always instructed our men to be very careful 
not to mar or spot the cars. The photograph reproduced 
in Fig. 7 shows how carefully cars are covered while 
they are in the shop. Note that even the steering-wheel 
and the front frame-bar are enclosed in leather wrap- 
pings. The men are furnished with clean overalls daily. 





Fic. 7—How Cars ARE COVERED WHILE THEY ARE IN THE SHOP 
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The cover on the front-seat upholstery remains on the 
car until all testing has been accomplished. We believe 
that much of the success attained by many automobile 
service-stations can be traced directly to the fact that 
they are properly equipped. We find in our own particu- 
lar organization that courtesy in its broadest sense has 
more to do with the satisfaction of customers with our 
service than almost any one other item. The average 
customer is so accustomed to short, curt replies, indiffer- 
ence and impoliteness that when he is faced with a 
courteous service-man he immediately thaws out and be- 
comes the regular fellow that he really is underneath. 

By far the greater majority of complaints regarding 
poor service result from misunderstandings between the 
customer and the service department. The logical time 
to prevent these misunderstandings is when the car is 
first brought to the service-station and the order written. 
One of the most responsible positions in the service de- 
partment is that of the floor-man who meets the cus- 
tomer and attends to his wants. This man must have a 
pleasing personality, a neat appearance and, above all, he 
must know the car thoroughly. He must be a trained 
mechanic, electrician and tester and, if his work is 
properly done, misunderstandings and complaints very, 
very seldom arise. We aim, first, to listen attentively to 
the customer’s story of his difficulties, either real or 
imaginary, and then make a careful analysis of these diffi- 
culties to the end that the repair order when written 
shall give the shop superintendent very definite instruc- 
tions that will enable him to perform the work so that it 
will be exactly what the customer desires to have done, if 
that is possible. 


HANDLING WORK IN THE SHOP 


Our repair order, a copy of which is reproduced in Fig. 
8, is in triplicate form. The original copy remains in 
the order office, the duplicate is given to the customer 
and the triplicate copy, which is of heavy cardboard, 
follows the car until all of the work is completed. This 
order contains all necessary information regarding the 
customer; such as his name, address and telephone num- 
ber; the type of car, its mileage, factory and registra- 
tion numbers and anything that may be needed for 
future reference. Certain printed notations call the cus- 
tomer’s attention to work that in many cases might 
otherwise be forgotten. The customer, of course, is re- 
quired to sign this order upon leaving the car. When 
the car arrives in the shop, the repair order is time- 
stamped on the back, Fig. 9, and turned over to the shop 
superintendent. Spaces are provided for signatures of 
inspector and road-tester and the man who delivers the 
car. When the work is completed the card is again time- 
stamped and returned to the billing office together with 
time-slips and stock requisitions issued against the par- 
ticular order, in order that the job may be billed and 
ready when the customer calls. Thus, some particular 
man is made responsible for each step the car goes 
through, from the moment it arrives at the service- 
station until it is delivered to the owner. Under no con- 
ditions is any employe permitted to make any misrepre- 
sentations to the customer regarding the condition of his 
car and we take especial care, even in cases where an 
estimate of the cost is not requested, that the customer 
be given at least a general idea of the probable expense 
involved. We endeavor to make all estimates sufficiently 
high so that we shall be able to give the man as much as 
or more than we promise for his money. Dissatisfied 
customers and long overdue accounts often are directly 
traceable to neglect on the part of a service department 


to give an owner full information regarding this point. 

It is very important that all work be thoroughly gone 
over by a well trained inspector, in addition to the super- 
vision of the shop foreman. A great many motor cars 
are not performing correctly due perhaps to the need of 
a single adjustment that an experienced trouble-man 
would immediately set right. A road test is included in 
the work called for on every job that involves any change 
in the running-gear or in the engine. Our road tester 
is one of our very best men. To discover if a car’s per- 
formance is up to average it is necessary to adopt some 
sort of a standard test and get comparative results. Each 
car that is road-tested is run over a selected road-test 
hill and its performance carefully checked up. The cars 
are started up the hill at 5 m.p.h. and at a given mark 
both the throttle and the spark are advanced fully. A 
car that is in good condition will take this load smoothly 
and slowly accelerate. Faulty ignition or leaky valves 
are indicated at this point by bucking or skipping. Too 
great a spark-advance or a carbon deposit is noted by 
clinking or knocking. Poor carburetion due to faulty 
setting, improper float level or a clogged line immediately 
becomes evident. If a car has performed well up the 
entire hill and passes a mark at the top at a speed of 
29 m.p.h. for heavy closed cars or 33 m.p.h. for the open 
models it is pronounced in good adjustment so far as 
power is concerned. If its performance has been under 
the average, the tester, by the process of elimination and 
by repeated runs up the hill, locates the trouble and makes 
the adjustment on the road. If the trouble is such that 
it is necessary to install new parts or to do costly work 
not called for on the repair order, the inspector writes 
a full account of his recommendations on the work card. 
The service foreman then telephones to the owner for 
permission to do the work. 

The upholstery in the cars is examined and cleaned 
just before delivery to the owner, and the steering-wheel 
is carefully cleaned. The necessity for this care in in- 
specting can readily be seen by observing the owner 
who drives away untroubled and the one who is bothered 
with petty annoyances. Imagine the feelings of the 
owner whose gloves are spotted with grease from the 
steering-wheel or whose car behaves better in some re- 
spects and worse in others. Too much attention cannot 
be paid to the inspection department; the cost will be 
easily returned in the good-will of customers who be- 
come permanent boosters. 

All particular customers are not cranks. It is an 
admirable trait in a man to have a great pride in the 
ownership of a fine car and to wish to keep it in as per- 
fect condition as possible. He is well justified in ob- 
jecting to nicked rims and scratched paint on the wheels 
due to careless tire-changing. He is not at all unreason- 
able in his aversion to chewed-up screw-heads on the 
battery cover, or plier marks on the windshield adjusting 
nuts. He rightly feels that, as he is extremely careful 
of his own property, there is no reason why he should 
pay to have someone else mar it. We have one owner 
who comes in periodically to have his engine cleaned. 
After the first cleaning job, he explained rather indig- 
nantly that he wanted the engine to look as nearly like 
new as possible. If parts had to be removed and polished 
and it had to be gone over with a small brush and gaso- 
line, he wanted it done, as cost was absolutely no object. 
He has since paid several fairly large bills for this kind 
of work, and we have never had any further trouble 
with him in this connection. He was simply an example 
of the customer who wants things done in absolutely 
A-1 shape and is willing to pay for it. 
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FLAT-RATE SYSTEM 


The flat-rate system of service charges is becoming 
more and more popular with owners as well as service- 
stations. We believe that eventually practically all work 
will be reduced to this basis. Experience and careful 
cost systems will consequently reduce all operations to 
a basis that will be entirely satisfactory to the customer 
and provide a reasonable profit to the service-station, at 
the same time making business relations much more 
agreeable to all concerned. 

Our flat rates were established only after a careful 
analysis of very many jobs covering a considerable period 
of time, and in every case our repair order shows by 
whom the work was performed and the exact amount of 
time consumed. We are thus able to determine which 
of our employes is most efficient in any particular line 
of work and compare his average time with that of the 
others. We base our charges, however, on the average 
time for a given number of similar jobs, and then if we 
are able by consistently using certain efficient men in 
any particular line to reduce this time, the shop receives 
the benefit. So far as possible we endeavor to keep each 
man in some particular line of work as he rapidly ac- 
quires a degree of efficiency that he could not otherwise 
attain. We allow him the greatest freedom in offering 
suggestions as to methods that will improve the quality 
of his work as well as the speed with which it is per- 
formed. We endeavor to assist him so far as possible 
with the best of equipment and special tools, making a 
study of each particular operation to eliminate all un- 
necessary movements. 

For instance, the adjusting of connecting-rod bearings 
is usually a rather uncomfortable and slow operation, 
but by applying the above-mentioned methods we have 
been able to cut the time consumed approximately in 
half and at the same time turn out far better work. 
The car is first elevated in front by running it up onto 
a wedge-shaped incline, and the oil drained. The re- 
moval of the oil sump, which is usually a rather dirty 
job, is done by helpers with high-speed wrenches, and 
any surplus oil removed from the exposed parts. The 
man who actually does the adjusting is one thoroughly 
skilled in his work and he is supplied with special racks 
and a crate in which he has every tool required for the 
operation and a place to lay all the parts that it will 
be necessary to remove while the operation is being 
performed. Thus, when he once takes his position under 
the car, it is never necessary for him to come out until 
the work is completed. We find that with this compara- 
tively simple equipment the men rapidly take a greater 
interest in their work and in the speed with which it 
can be performed. But in no case do we ever risk quality 
for speed. This same procedure has been carried out in 
connection with every other operation on which we could 
possibly establish a flat rate and has proved very satis- 
factory and profitable. 


SECURING CosT DATA 


In addition to the customary time-clock record, our 
workmen are all required to keep a day card, a portion 
of which is reproduced in Fig. 10, on which they record 
. the various jobs on which they work during the day, 
accounting for every minute of their time. These cards 
are tabulated each day by one man whose duty it is to 
segregate each man’s time into the proper divisions, 
recording it under the following 17 headings used in the 
distribution of all labor: 

(1) Productive Labor 
(2) New Car 


























Fic, 10—THE WorKMAN’S Day CARD ON WHICH HE KEEPS A RBCORD 
OF THE VARIOUS JOBS WORKED ON DURING THER DAY 


(3) New-Car Service 

(4) Used Car 

(5) Used-Car Service 

(6) Shop Labor 

(7) Stock Room 

(8) Garage Labor 

(9) Lost Time 

(10) Guaranteed Work 

(11) Company Business 

(12) Chauffeur 

(13) Maintenance of Building 
(14) Maintenance of Demonstrating Car 
(15) Maintenance of Company Car 
(16) Maintenance of Official Car 
(17) Tractor Department 


At the end of the week this time is reduced to cost 
and the cost classified on a large sheet that permits us 
to determine at a glance the exact cost to us for the labor 
consumed during the week in each of these 17 depart- 
ments. We are thus in a position to check up very closely 
on what is going on in our service department, to re- 
duce as far as possible our non-productive labor and to 
increase the efficiency of the men. By the use of these 
sheets we were enabled during the first three weeks to 
increase our productive labor 5% per cent and, at the 
same time, decrease our percentage of non-productive 
labor 5% per cent. We are hopeful of some very fine 
results from this system after it shall have been in 
operation a greater period of time. This system is kept 
so accurately that the accounting department can use 
it for making all charges to the new-car department, 
used-car department, officials and other accounts, and 
from it we obtain an absolute record of each man’s time 
during the week and get very valuable information re- 
garding the efficiency of the individual. 

The time is coming when there must be a ecompiete 
understanding in every automobile organization between 
the sales and the service departments. The salesman 
will have to learn some of the elements of service; what 
it is, what the service department is capable of doing 
and what its limitations are. The salesman will not be 
allowed to hide behind false excuses when a customer 
demands that a verbal contract made when he bought the 
car be lived up to. 


There shall be coordination all along the line from the 
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maker to the helper in the service-station. We have 
striking examples of how service may be impaired 
through lack of this element in the way railroads are 


operating today as a result of shopmen leaving their 
work, or not doing it properly when the men are 
gruntled. Transportation broke down. 

The motor-car industry is furnishing a means of trans- 
portation that in many ways is supplanting the rail- 
roads. This is increasingly evident year by year. The 
industry has grown to tremendous proportions because 
of this fact. It must continue to grow. But it cannot 


dis- 
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grow adequately if there is any impediment in its path, 
and the one big impediment that could stop its progress 
is lack of service. We have been growing too fast to 
realize this until now. It is time we faced the proposi- 
tion squarely. Let us build our industry upon satis- 
factory service. It will prove a foundation that will 
enable us to reap the rewards to which we are entitled 
for furnishing mankind a means of bridging distance 
and multiplying the value of his waking hours, a thing 
whose worth it is impossible to measure 
cents. 


dollars and 





Standardized Mental Test in Personnel | 
Selection 


By Dr. W. V. BrncHam? 


ROUGH measure of the brightness, or 

of an applicant, by a standardized mental test, has 
long been recognized as one of many possible sources of 
information for use in personnel selection. Early tentative 
attempts to use this test technique in employment procedure 
sometimes met with anomalous results because it was not 
recognized that, for some types of employment at least, an 
applicant may be too intelligent. 

In affiliation with the Carnegie Institute of Technology, 
Pittsburgh, a group of 27 companies of national scope estab- 
lished, in June, 1916, the Bureau of Salesmanship Research, 
now the Bureau of Personnel Research. This Bureau was to 
pool the experience of the cooperators to evaluate their cur- 
rent procedures and to devise and try-out new ways of 
selecting and developing salesmen. The first year’s work, 
under Walter Dill Scott, was issued in a volume of Aids in 
Selecting Salesmen that included an improved personal- 
history record, or application form, a model letter of refer- 
ence to former employers, a guide to interviewing that helped 
the interviewer to focus his attention on essential traits 
and to record his judgments quantitatively,’ and a set of 
five psychologica! tests with full directions for giving and 
scoring. 

Among these tests was a group intelligence e: 
a forerunner of Army Alpha. It was given to various groups 
of salesmen and sales applicants, and their scores were 
checked against actual success as measured by amount of 
sales. Among the men so examined was a group of 40 sales- 
men for a food products company. To the dismay of the 
research workers, when the intelligence-test scores were 
compared with the men’s sales-production records, the corre- 
lation was almost zero. This appeared to be a severe indict- 
ment of the test as a measure of intelligence. 

Then came the war, and with it a vast experience in 
personnel classification and intelligence examining. The 
psychological tests proved their worth in the Army as in- 
dicators of mental alertness. So when C. S. Yoakum, with 
this background of Army experience, in 1919, assumed direc- 
tion of the Bureau of Personnel Research, he knew that the 
intelligence-test methods were valid, and he sought another 
explanation of the riddle in the findings of 1916. Taking 
the same data, he computed the correlation between test 


mental alertness, 


xamination, 


2 ae by the Engineering Foundation 


2Director of cooperative research, Carnegie Institute of Tech- 
nology, Pittsburgh 
* This form later became the Scott Rating Scale of the Army. 


scores and length of experience with the company. 
correlation was not zero. 


The 
It was negative, —40. The brighter 


the salesman, the quicker, as a general rule, he left the 
employ of that firm. 
Mr. Yoakum repeated the experiment with 76 salesmen 


of this same company, using the best available adult intelli- 
gence examination. The correlation of test scores and length 
of experience was 46. A job analysis revealed that the 


work was largely of the routine, order-taking sort. The 
pay was not large. Chances of promotion were slight. 
Only the more stolid men were content to remain long 


enough to get valuable experience and build up a creditable 
sales record. 

Examining the intelligence scores again, it was apparent 
that there is an upper limit as well as an anticipated lower 
limit. Within this range, the chances are large that an 
applicant for a position with this company will make good. 
Below this zone he will probably fail for lack of ability. 
Above it, the probabilities are that he will not remain long 
enough to learn his work thoroughly and make a good show- 
ing. The psychological test had, after all, been a valid 
measure of mental alertness. The need had been for a de- 
termination of its range of utility. 

This range varies for different kinds of salesmen, as well 
as for different occupations. In many jobs it has been shown 
that there is no upper limit to the optimum intelligence 
score; but studies of policemen, salesmen and many types 
of operatives and clerical workers, where the task 
tially routine, have shown how necessary it is to keep an 
eye on the upper as well as the lower critical score. Re- 
search on the utility of psychological methods in employ- 
ment and placement is but one of many scientific approaches 
to problems of industrial personnel. Taken as a whole, the 
scientific study of the human factor may prove as important 
to the next era of industrial progress as research in the 
physical sciences has proved hitherto. 


is essen- 


TRAFFIC 


SAVAGE can travel after a fashion in a jungle. Civilized 
- activity is too complex to be carried on without smooth 
roads. It requires signals and junction points; traffic author- 
ities and means of easy and rapid transportation. The eter- 
nal dignity of labor and art lies in their effecting that perma- 
nent reshaping of environment which is the substantial foun- 
dation of future security and progress.—John Dewey. 
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Proper Utilization of Natural Gasoline 





By Luoyp F. Bayer! 








ANNUAL MEETING PAPER 





HE term “natural gasoline” has been accepted gen- 

erally by the petroleum industry as applying to 
the gasoline product extracted by any process from 
natural gas. Two processes are in use. The older one 
is the compression process applied to casinghead gas, 
which is produced from the oil-bearing sands of oil 
wells and carries vapors from the oil with which it has 
been in contact. This process of subjecting the rela- 
tively rich gas to a high pressure and then cooling it 
to or below atmospheric pressure, results in the direct 
condensation of gasoline which is weathered later to 
remove the “wild” unusable vapors. 

The later method is the absorption process in which 
the gas is brought into contact with a heavy oil, orig- 
inally of no gasoline-content, which absorbs the gaso- 
line. The enriched oil is then heated to distill-off the 
gasoline, and these two operations of absorption and 
distillation are repeated continuously within a closed 
system. 

The the proper usage of natural 
gasoline in blended fuels as determined by a lengthy 
series of tests. 


author discusses 


r HE problem of securing the largest possible sup- 
ply of the best possible motor-fuel is before the 
petroleum industry. It is a problem so _inti- 
mately connected with the problems of automotive power 
and engine design that it can be said to be a joint prob- 
lem with the automotive industry. Certainly the petro- 
leum industry cannot expect to supply motor-fuel, in the 
quantity production that it is being called upon for, 
without due regard for the problems of fuel economy 
and life of the engine. On the other hand, the automo- 
tive industry. cannot say, without regard for the element 
of quantity production, that it must be supplied with a 
fuel uniform in quality and having none of the, from its 
standpoint, objectionable properties that have character- 
ized some of the motor-fuel of the past few years. This 
fuel has been put out by the petroleum industry in its 
effort to meet the constantly increasing quantity demand. 
A medium quality will prevail between the present so- 
called superior and inferior grades now being manu- 
factured, with the ever-increasing necessity of decreas- 
ing the quality to increase the quantity. With both in- 
dustries coordinating their efforts, that is, by each work- 
ing with a knowledge of the other’s problems, a happy 
medium can be reached; otherwise, at least, it will be 
an unhappy medium for one of the industries, and surely 
for the consumer. 

Natural gasoline is destined to play an important part 
in the solution of this problem. As to a definition of this 
product, following the organization of the Association 
of Natural Gasoline Manufacturers, in the Middle West, 
the term “natural gasoline’ was adopted by it and has 
since been accepted generally by the petroleum industry 
to apply to the gasoline product, extracted by any process, 
from natural gas. 


““NATURAL GASOLINE” PROCESSES 


In general, without taking account of the myriad of 
varying details, two processes are in use. The older 
one is the compression process applied to casinghead gas, 
that is produced from the oil-bearing sands of oil wells 


a 


1Chief engineer, Tidal Refining Co., Tulsa, Okla. 





and that carries gasoline vapors from the oil with which 
it has been in contact, thus giving rise to the term “cas- 
inghead gasoline.” This process of subjecting the rela- 
tively rich gas to a high pressure and subsequently 
cooling it to or below atmospheric temperature, results 
in the direct condensation of gasoline that is weathered 
later to remove the “wild” unusual vapors. The later 
method is the absorption process in which the gas is 
brought into contact with a heavy oil, originally of no 
gasoline-content, that absorbs the gasoline. The en- 
riched oil is then heated to distill off the gasoline. These 
two operations of absorption and distillation are re- 
peated continuously within a closed system. This process 
was first applied to the natural gas transported through 
pipe-lines for commercial and domestic use. This gas 
was very lean in gasoline content. The process has since 
been developed to the point where it is now rapidly dis- 
placing the compression method for all kinds of both 
lean and rich gas. 

With the production of automobiles and the consump- 
tion of gasoline mounting at a rapid rate, and our domes- 
tice sources of crude oil being increasingly drawn upon, 
the necessity is apparent for obtaining more gallons 
of gasoline from each barrel of crude oil produced. The 
refiner and his staff of experts are constantly devising 
and perfecting means of making more gasoline from the 
crude oil. They are accomplishing this, first, by a sharper 
separation of the fractions cut from the crude; second, 
by the installation and operation of cracking processes 
designed to convert substantial proportions of gas oil, 
fuel oil, or heavy distillate, to gasoline similar in general 
characteristics to that produced directly by distillation; 
and, third, by the use of natural <asoline, to render suf- 
ficiently volatile for satisfactory gasoline certain frac- 
tions of the crude that, of themselves, would not meet 
the requirements of an acceptable grade of motor-fuel. 

It is to this third phase that I direct attention, de- 
veloping the subject less from the refiners’ and natural 
gasoline *manufacturers’ point of view than from that 
of the automotive engineer and the automobile user. 
The interests of the consuming public in utilizing natural 
gasoline can be served best by using a relatively uniform 
percentage of this product in all the motor-fuel consumed 
during a given season of the year, and varying this per- 
centage to meet the varying demands of the different 
seasons. This is, of course, a general statement. The 
required percentage is subject to variation due to the 
inherent characteristics of the gasoline cut from the 
crude oils and to varying climatic requirements of dif- 
ferent sections of the country. 


USAGE OF NATURAL GASOLINE 

With all motor-fuels, particularly those of higher end- 
points, it is desirable to increase the percentage of nat- 
ural gasoline used in the winter over that used in the 
summer to assure the greater volatility necessary. Al- 
though the consumption of gasoline is considerably less 
in the winter than in the summer, and the production 
of natural gasoline slightly greater in the winter, it is 
both practicable and desirable from the point of view 
of the gasoline manufacturer, the refiner and the con- 


sumer, that the percentage of natural gasoline in motor- 
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fuel be increased sufficiently during cold weather to 
utilize currently the production of natural gasoline. 

It is peculiarly fortunate that approximately the same 
ratio exists between the available amount of natural 
gasoline and the total production of motor-fuel, as ex- 
ists between the proportion of natural gasoline that 
should be used in this motor-fuel if the most satisfac- 
tory quality is to be obtained. In other words, the pro- 
duction of natural gasoline is close to 10 per cent of 
the total gasoline production, while 10 per cent is a very 
satisfactory proportion in which to use natural gasoline 
with the average motor-fuel to give that motor-fuel the 
desired quality characteristics. When accurate figures 
are available, the percentage of production for 1922 un- 
doubtedly will be found to exceed this, due, largely, to 
a great increase in its production in Texas. As the 
natural-gasoline possibilities of the existing oil-fields 
are now very largely developed, increased production will 
come almost entirely with an increased crude-oil pro- 
duction. A great increase in the percentage of natural 
gasoline available, compared to the total gasoline pro- 
duction, is therefore not to be expected. 

The figure of 10 per cent given as the proper propor- 
tion in which to mix natural gasoline with motor-fuel 
is indicated by a large number of tests that have been 
made, but this percentage should be taken as a minimum 
rather than a maximum. As high as 20 per cent fre- 
quently is desirable. Thus it is seen that the problem 
becomes one of uniform distribution of the natural gaso- 
line available, to the end that all motor-fuel consumed 
shall carry its most desirable proportion, and no motor- 
fuel be produced with an excessive proportion of it. 

The use of natural gasoline in the past has been at- 
tended with varying success, depending altogether upon 
the experience and intelligence, or the lack of it, that 
has been displayed in combining it with other products 
to form the finished motor-fuel. Many arduous and 
expensive investigations have been conducted, in both 
the laboratory and the practical operation of engines, 
to determine the best possible proportions and combina- 
tions to secure an altogether desirable product. It is 
to the facts thus obtained that I wish to direct attention. 


BLENDED FUELS 


Prior to the acquisition of the present knowledge of 
this subject, natural gasoline was so commorily on the 
market in the form of blends improperly made as to place 
all natural gasoline in disrepute and to foster strong 
prejudices, the overcoming of which has required con- 
siderable time and a practical demonstration of the good 
results to be obtained by proper methods. The unsatis- 
factory types of blend referred to were unfitted for use 
as motor-fuel for one or more of the following reasons: 
first, some of them used kerosene as a blending base; 
second, too great a percentage of natural gasoline was 
blended with a heavy naphtha; third, natural gasoline 
of too high volatility was used. 

In the first case, it was attempted to blend two en- 
tirely dissimilar products, the boiling-point range of one 
of which was entirely beyond that of the other. It also 
utilized kerosene, which the carbureter was not designed 
to vaporize and which, when finally introduced into the 
cylinder in a partially vaporized state, caused crankcase 
dilution and excessive knocking. The second and third 
practices resulted in the same trouble due to too great 
volatility ; they caused an excessive evaporation-loss, gas 
binding in the gasoline feed-system, and an uneven opera- 
tion and a loss of power when the engine was thoroughly 
heated-up. 
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The Association of Natural Gasoline Manufacturers 
is bending every effort to eliminate the types of blend 


that are objectionable, and to produce only blends that | 


are satisfactory. It has issued and lately has revised 


standard specifications for blends of the several com. | 


mercial grades. It has also formulated standard speci- 


fications for natural gasoline in its unblended state, go | 


that the refiner can demand and receive the product 
suited to his needs. 


RESULTS OF TESTS 


Evaporation tests conducted through every month of 
the year by a large refinery indicated that the evapora- 


OO 


tion loss on a blended gasoline containing 10 per cent of | 


natural gasoline combined with 90 per cent of refinery 
gasoline slightly deficient in volatility, was no greater 
than the loss on a refinery gasoline of the same charac- 
teristics as the blended gasoline. With an increase in 
the natural-gasoline content to 15 per cent, the evapora- 


tion loss was very slightly greater than in the case of | 


the refinery gasoline; but there was a compensating ad- 
vantage in the volatility characteristics of the gasoline. 

A long series of dynamometer tests conducted at full 
and one-half throttle over the entire speed-range from 
400 to 1600 r.p.m. proved that the addition of 15 per 
cent of natural gasoline to a good commercial gasoline 
increased the brake horsepower developed and decreased 
the pounds of fuel consumed per horsepower-hour. The 
basic gasoline used was equal or better than the average 
gasoline sold along the Atlantic seaboard, having an end- 
point of 405 deg. fahr. The starting and accelerating 
characteristics were improved with each additional per 
cent of natural gasoline used and, although the improve- 
ments were very marked at 10 per cent, they did not 
reach the maximum increase in brake horsepower and 
fuel economy until there was a mixture with 15 per cent 
of natural gasoline. This means that the motorist who 
uses the fuel containing from 10 to 15 per cent of natural 
gasoline obtains more power at the same carbureter- 
setting or, by adjusting his carbureter, he can decrease 
the fuel-consumption. With either result he also enjoys 
much improved starting and accelerating effects. 

A number of well known investigators have come to 
the conclusion that the temperature at which 85 per cent 
of the gasoline distills off in a standard distillation-test 
is of more importance than the end-point, and measures 
more nearly whether the gasoline will be vaporized com- 
pletely in the engine after it is warmed-up. This point 
is fixed by the percentage of heavier constituents in the 
product and is controlled by the process used in the 
original separation from the crude, by either low or high- 
pressure distillation. In many instances the fractions 
cut that would be satisfactory, so far as either the 85 
per cent point or the final end-point is concerned, do 
not make good motor-fuels, due to a deficiency in the light 
ends that are necessary for quick starting and snappy 
acceleration when more power is called for. Therefore, 
to obtain a good fuel, it is necessary either to sacrifice 
the yield materially or to add the proper volatile con- 
stituents. 

PROPER BLENDS OF FUEL 


The sacrifice of yield is no more desirable to the con- 
sumer than to the refiner, for such a policy generally car- 
ried out cannot but result in higher prices due to the 
natural law of supply and demand. However, by adding 
10 per cent of natural gasoline, the initial boiling-point 
can be lowered from say 15 to 25 deg. fahr., and the 
percentage distilled at 212 deg. fahr. can be increased 
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by from 6 to 9 per cent. Thus, a gasoline that, un- 
plended, would have an initial distillation temperature 
of 130 deg. fahr. and 18 per cent distilled off at 212 deg. 
fahr., would be improved with 10 per cent of natural 
gasoline to have an initial distillation-temperature of 
approximi&tely 110 to 115 deg. fahr. and the percentage 
distilled at 212 deg. fahr. increased to 25 or 26 per cent. 
From all points of view, this would be a very much more 
desirable gasoline. If 15 per cent of natural gasoline 
is used, the initial boiling-point can be lowered 20 to 30 
deg. fahr., and the percentage at 212 deg. fahr. can be 
increased by from 10 to 12 per cent. Thus, the same 
unblended gasoline mentioned just previously, combined 
with 15 per cent of raw, would produce a finished motor- 
fuel having approximately an initial boiling-point of 105 
to 110 deg. fahr., and from 28 to 30 per cent distilled at 
212 deg. fahr. Thus, the refiner can make his cuts to 
produce a product with the 85 per cent and the final 
points desired, and then increase the volatility of this 
product with the proper proportion of natural gasoline, 
thereby increasing his total yield of motor-fuel from 
the crude. 

This improvement in quality by the addition of natural 
gasoline in high-grade motor-fuels is even more notice- 
able in the case of fuels of high end-point but still well 
within the range of commercial utilization. The results 
so far obtained by the joint tests being conducted at 
the City of Washington by the Bureau of Standards 
and the Society of Automotive Engineers indicate that 
a motor-fuel with an end-point of 465 deg. fahr. is as 
satisfactory, so far as mileage is concerned, as fuel 
with approximately a 405-deg. fahr. end-point. These 
are the results only of the summer series of tests, and 
the only appreciable disadvantage noted is the increase 
in the crankcase dilution. So far as we know, it has 
not been determined whether the dilution noted was suf- 
ficient to be detrimental. The fuel so used did not con- 
tain natural gasoline, at least not in a known or an ap- 
preciable percentage, and it has been requested that simi- 
lar tests be conducted using fuel blended with a suitable 
proportion of natural gasoline. 


ADVANTAGES OF NATURAL-GASOLINE BLENDS. 


It undoubtedly is true that the principal cause of 
crankcase dilution is the excessive use of the choke re- 
quired in starting on fuels not sufficiently volatile. In 
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such cases a large quantity of gasoline, almost wholly 
in liquid form, must be drawn into the cold engine to 
obtain sufficient easily vaporizable gasoline to produce an 
explosive mixture. The large portion of the gasoline 
that is not vaporized drains past the piston-rings, de- 
stroying the piston seal, and enters the lubricating oil 
in the crankcase, greatly diminishing its viscosity and 
reducing its lubricating value. With the proper propor- 
tion of natural gasoline, sufficient volatile fractions are 
present to form an explosive mixture without drawing 
these large volumes of fuel through the engine. After 
the engine is warmed-up and under way, the additional 
volatility assists in more complete vaporization, and the 
complete combustion of the gasoline greatly reduces the 
possibility of dilution. 

The action of an engine using a fuel of 437 or 450- 
deg. fahr. end-point is improved greatly when that fuel 
is blended with natural gasoline. The acceleration from 
low to high speed is rapid instead of sluggish. The 
fuel-consumption with the blended gasoline is lower in 
such accelerations tests, because it takes so much less 
time under open throttle to reach the desired speed. 

Because of the economic factors involved, the trend 
seems to be toward fuels containing a greater percentage 
of the heavier ends and therefore of higher end-point. 
By combining with this fuel a proper percentage of 
natural gasoline to introduce the necessary readily vola- 
tile constituents, a motor-fuel of relatively higher end- 
point can be utilized with the same satisfaction as that 
secured from gasolines of much lower end-points. This 
will increase the available supply of gasoline from a 
given production of crude oil, and will benefit the con- 
sumer directly. When this stage is reached, generally,. 
it is very doubtful whether the development of a kero- 
sene carbureter will be required, as, by that time, the 
increased vield of gasoline will have reduced the kero- 
sene yield to a point where it probably will meet only 
the regular demands for heat and illumination. 

The conelusion that I wish to emphasize is that, 
through the uniform distribution of the available sup- 
plies of natural gasoline, so that substantially all motor- 
fuels will carry their due proportion of it, an increased 
quantity of motor-fuel of increased quality will result. 
This is a result devoutly to be sought by the petroleum 
industry, the automotive industry and the consuming 
public. 





TERRAIN FOR GLIDER CONTESTS 


LONG ridge is preferred rather than a detached shaped 

hill. The slope must face the direction of the prevailing 
wind and should be reasonably uniform and of proper mag- 
nitude. The slope should be approximately 1 in 4 near the 
top of the hill, decreasing to 1 in 6 or 8 a short distance 
below the top. A constant degree of slope, however, would 
be satisfactory, even if it be nowhere in excess of 1 in 6. 
The hill should not be conical, but have a side broad and 
flat or somewhat concave in form as viewed from above. 
An ideal condition is a sloping valley facing the prevailing 
wind, wide and open at one end and contracting gradually 
between two ranges of hills until finally completely closed- 
off at the other end by the hill from which the flights would 
be started. Such a valley would, however, not only have to 
face the prevailing wind but no gliding could be done with 
any wind from any other direction. An open range of hills 
would have the very marked advantage of allowing a certain 


amount of deviation in the direction from which the wind 
blows. 

A total drop of 1000 ft. from the hill to the plain below is 
highly desirable. A height of 100 ft. is the least that could 
be considered. The nearer the base of the hill approaches 
absolute sea-level height, the better. The surface must be 
smooth and as free as possible from trees, shrubbery, tele- 
phone wires or other obstructions. 

Preferred locations are in parts of the country where the 
required velocity of wind during the hours that the con- 
test is to take place occurs at not infrequent intervals; a mere 
daily average is not sufficient. The wind should be of more 
than 15-m.p.h. velocity, and preferably 20 or 25 m.p.h. con- 
tinuously for hours at a time. The hill should be accessible 
by good roads and car-lines for the benefit of spectators and 
contestants.—Communicated by National Aeronautic Asso- 
ciation. 
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Testing Leather Substitutes and Top 
Materials 


By J. B. 





ANNUAL MEETING PAPER 


LTHOUGH waterproof protective material has 

been in use for many centuries, particularly in the 
Far East, its manufacture in this Country was not 
begun until about 1850, and not until the arrival of 
the motor car did the demand for so-called leather- 
cloth cause its production to take a jump. This demand 
has increased until in 1922 the record-breaking quan- 
tity of 50,000,000 sq. yd. was consumed. The growing 
popularity of closed bodies has produced a correspond- 
ing call for leather-cloth and the importance of classi- 
fying and of embodying standard tests in the specifi- 
cations for it is receiving close attention. 

With the view to assisting in the establishment of 
uniform tests for the various qualities that are desir- 
able in high-grade leather-cloth, the 
one of the largest manufacturers are 
suggested specifications for top material, upholstery 
and special body leather are given. Particular re- 
quirements will determine the desirability of muslin, 
drill, twill, sateen, moleskin or duck, and the suita- 
bility of each is judged by the weave, construction, 
thread-count, weight and the like. Among the quali- 
ties that can be determined by tests, directions for 
which are given, are resistance to wear; tensile 
strength; bonding-strength; resistance to stretch and 
puncture; thickness; toughness and adhesion of coat- 
ing; resistance to water, shrinkage, fire and heat; 
cleansability and resistance to gasoline and the effect 
of aging. 


tests in use by 


described, and 


OR many thousands of years man has found various 

means for protecting himself against the elements. 

From the time of the earliest Egyptian and East 
Indian potentates with their gorgeous silk canopies to 
that of the present-day man who rides in his own motor- 
car, weather protective mediums have been in use. In 
the Orient the Chinese and the Japanese in particular 
provided themselves with waterproof cloths, silks and 
papers, which for many centuries have been manufac- 
tured largely by hand. They are now calling on the 
United States to supply them with a black leather-cloth 
for the-collapsible tops used on the man-drawn two-wheel 
rickshaw, as well as for a small output of automobile 
bodies. 

The first leather-cloth of any value was manufactured 
in England early in 1800 and was used principally for 
the hoods of perambulators, as it is used today. Leather- 
cloth was first manufactured in this Country about 1850. 
In the early stages of its development a few hundred 
yards a day was considered a big production, while today 
it is made at the rate of millions of yards a year for the 
automobile industry alone. 

Several well-known automobile companies 20 years ago 
were building fine carriages, coaches and buggies, on 
which leather-cloth was used for tops, curtains, up- 
holstery, storm-aprons and dashboards. The material 
was designed and constructed for special purposes at 
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that time as it is today. With the first commercial pro- 
duction of motor cars early in 1900, the problem of 
weather protection came up for consideration and, 
naturally, the leather-cloth products that had proved so 
satisfactory for carriages were adapted to the early auto- 
mobile; grandfather’s buggy-top was becoming the one- 
man collapsible top. Some of you remember the carriages 
made with a dashboard and whip-socket of leather-cloth 
with patent-leather finish. As the automotive industry 
through the various stages of its development grew in 
both volume of production and quality refinements, so 
with it grew the volume of production and quality refine- 
ments of leather-cloth. 
PRESENT STATE OF DEVELOPMENT 

The automobile industry in 1922 produced over 2,500,- 
000 passenger and commercial cars including motor 
trucks and consumed approximately 50,000,000 yd. of 
leather-cloth of various qualities for approximately 20 
separate and distinct uses in constructing and equipping 
motor-car bodies. A few of these uses are one-man 
collapsible tops, curtains, upholstery, linings, gimps, 
welting, trunk-covers and lining, mud-flaps, spring-covers, 
covers and curtains of truck cabs and the like. 

In the last few years the patent-leather finish has been 
used largely in the construction of closed-car bodies. 
This retains all the good features of a metal-covered body 
with its full curved contour, and overcomes many of its 
disadvantages, not the least of which is the initial cost 
of working and finishing. You probably all have had 
patent-leather shoes forced upon you on some occasion 
and have noted their remarkable resistance to scratch- 
ing. The non-scratchable quality of patent-leather 
finishes has many advantages over painted and varnished 
steel surfaces in body-construction. 

Let us leave for a moment the possibilities of these 
new applications of leather-cloth to closed-car construc- 
tion and consider its relative importance in the construc- 
tion of bodies and tops for open models. Nothing can 
detract from the beautiful lustrous finish of car bodies 
more than a shabby, baggy, faded and dead-dull col- 
lapsible top. The top may have looked well when it was 
shipped; possibly it had a short life under weather condi- 
tions. Many of you probably have scratched your heads 
after a final look at your new model just out of the 
finishing department and wondered, “How will it look 6 
months from now?” We all like to impress our friends 
and neighbors with our good judgment in buying a car. 
Our reputation as good purchasers depends, however, 
not only on the original lustrous appearance of our cars 
as we drive up in front of our homes on a fine April 
morning, but rather more on their ability to retain ap- 
parent newness through the biting sun and dust of July 
and August, the snow, sleet and cold of the winter 
months, the high winds and driving rains of March, and 
in certain localities, the effects of alkali sand and mud. 
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Many no doubt have watched a string of cars being 
driven up the main thoroughfare of a large city and 
noted the dead-dull appearance of many of the tops of 
the cars, obviously only a few months old. You may be 
assured by this sign that a disintegrating process has 
set in and that the material has begun to fail. When 
this condition is noticed by the owner and his friends, 
it is a subject for unfriendly comment that in no way 
satisfies his pride in his choice. 


STANDARDIZATION OF LEATHER-CLOTH 


The enormous growth of the application of leather- 
cloth to motor-car bodies makes it prominent among 
materials, the requirements for which are being daily 
studied, specified and tested. The Society has made re- 
markable strides in standardizing automotive parts and 
material, having covered some 250 items since the in- 
ception of its Standards Committee in 1910. In carrying 
out this commendable program of standardizing, specify- 
ing and testing material you have established within 
your plants well-equipped chemical and physical labora- 
tories for scientifically testing the materials that enter 
into motor-car construction. Would it not be logical to 
adopt uniform, scientific tests and to specify them for 
the leather-substitute products that add so much to the 
original appearance of the car and the continued satis- 
faction of the owner? There are very many makes of 
leather substitute on the market to choose from, none of 
which may be perfect. You can figure their comparative 
prices but not always their original qualities or their 
life, durability and service, nor can you match all the 
various quality characteristics one against the other, 
judging which products possess that proper balance of 
qualities that will best meet your requirements. A 
properly standardized test would place you in a position 
to distinguish the advantages and measure numerically 
the more important quality characteristics of any leather 
substitute. 

Leather-cloths, of single or double texture, can be 
segregated, clearly defined and recognized under certain 
general classes, that depend upon the purposes for which 
each is to be used. The construction of the cloth used as 
a foundation, the dyeing and the coatings applied, all 
have a bearing on successful utilization. Selecting a 
suitable leather-cloth is almost as difficult as making 
it. As users you are interested first in the quality and 
secondly in the price; on account of the small yardage 
used on each car the price is of less importance. The 
two leading attributes are likely to be durability and 
appearance. In attaining these the responsibility of the 
maker is as great as that of the user. Each should have 
a scientific method of testing the products, for many 
instances have occurred in which on account of the lack 
of a proper test good products have failed of acceptance; 
and by the same token a few poor products have been 
adopted temporarily, usually to the ultimate loss of the 
user. 

I shall show, with the aid of a few views and charts, 
how testing equipment can be utilized for measuring 
numerically the many qualities of leather-clotk and shall 
try to interpret the readings in terms of durability and 
permanence of appearance. The general appearance, 
with regard to luster, smoothness, softness, finish and 
color, can be judged and interpreted by comparing 
standard samples. 


METHOD OF TESTING QUALITY 


Many years ago it was the practice to set up in a field 
a group of discarded top-frames on which were stretched 





Fic. 1 


FORMER METHOD oF ‘TESTING LIFE OF 
MATERIALS BY EXPOSURE TO THE WEATHER 


the various materials for comparative test under actual 
weather conditions, as shown in Fig. 1. The tops were 
opened and closed from time to time. This necessitated 
a loss of time of 6 months to a year. This method does 
not serve in these days when decisions must be made and 
volume production had with the shortest possible delay 
to meet the rapidly changing condition of the market. 

I shall present for your consideration the quality-test 
method for leather-cloth products that has been developed 
by our staff in cooperation with the United States Bureau 
of Standards. The serviceability of automotive leather- 
cloths depends not only on the raw material but on the 
process by which the goods are made. A chemical 
analysis will, as a rule, not be as indicative of quality as 
the physical tests that represent the stresses to which 
the goods are to be subjected in actual use. The nature 
and construction of the fabric, however, are of some im- 
portance. For example, a very heavy fabric would not 
be suitable for use in side-curtains that generally are 
folded or rolled up and tucked away under the seat of 
the automobile. On the other hand, upholstering ma- 
terial that is stretched and nailed and later subjected to 
severe usage must be made from a rigid fabric that can- 
not easily be pulled out of shape or torn. The particular 
requirements will determine the desirability of muslin, 
drill, twill, sateen, moleskin or duck, and the suitability 
of each is judged by the weave, construction, thread- 
count, weight and the like. These points may readily be 
ascertained by the ordinary methods of fabric analysis. 

Weight is one of the most important physical char- 
acteristics and is easily determined by placing a definite 
length, as 12 yd., on a scale. The procedure may be 


carried out in the laboratory illustrated in Fig. 2. 
Samples are carefully chopped out with a 3 x 3-in. die. 
These are weighed in centigrams on a torsion-balance 
and the weight of the units of the desired area is estab- 
lished. For example, the weight in grams multiplied by 
the factor 5.08 will give the weight in ounces per square 








Fic. 2—VIEW OF A MODERN LABORATORY EQUIPPED To TEst THB 
VARIOUS QUALITIES OF AUTOMOTIVE MATERIAL 
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Fic. 3—ABRASION MACHINE DESIGNED To 
IN THE LABORATORY THE USAGE 
ING MATERIAL WILL 


REPRODUCE 
THAT AN UPHOLSTER- 
RECEIVE IN SERVICE 


yard. Ounces per square yard times the factor 1.04 will 
give the weight in pounds per piece 50 in. wide. The 
test is made under standard conditions of 65-per cent 
relative humidity and a temperature of 70 deg. fahr. 

The uniformity of quality depends largely on the uni- 
formity of weight. This does not necessarily mean that 
greater durability may be expected from very heavy ma- 
terials. There appears to be a limit each way; extreme 
“body” is almost as bad as extreme “flimsiness.” To 
secure a uniform product, it is desirable to establish a 
standard weight and provide for a reasonable degree of 
tolerance for each class of material. Conformity to the 
standard weight will result in a greater uniformity of 
strength and of wearing quality. 








{ Fig. 4— 


THE 


Scotr DYNAMOMETER EQUIPPED 

. WITH AN ATTACHMENT FOR TSSTING THE DEGREE 

OF ADHESION BETWEEN THE BASE AND THE 
COVERING 
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The severe usage that upholstering material must 
withstand in constantly rubbing against clothing very 
soon tells on cheap material. The coating wears away, 
peels off and shows the bare fabric, which has very little 
resistance to wear. In view of the fact that the ma- 
terial is placed under some degree of tension before it 
is nailed to the seat frame, the wearing qualities will be 
greatly reduced unless the coating is made of a very 
durable fabric. The abrasion machine shown in Fig. 3 
was designed to reproduce as nearly as possible in the 
laboratory the exact type of punishment that the goods 
receive on a car. The method recommended is to fasten 
strips 30 in. long and 1 in. wide between the jaws of the 
abrasion machine at such a tension as to raise the 
weights just off the supports while the machine is oper- 
ating. The most suitable wearing surface is a fresh 
piece of muslin that has a thread-count of about 60 x 60. 
The tension is adjusted during the operation to take up 
the stretch. The number of rubs is recorded upon a 
small counter that is attached to the machine. After 
1000 rubs, and again after 2000 rubs, have been recorded 
by the counting attachment, the goods are examined, and 
at between 2500 and 3000 rubs the sample is removed. 
The test may be prolonged for special purposes. We 
have examined some samples on which the coating was 
very badly worn at 500 rubs and was so far removed 
that the fabric showed through at 1000 rubs. On the 
other hand, some materials are so durable that from 3000 
to 4000 rubs are required to produce any noticeable 
effect. This test also indicates the resistance of top ma- 
terial to abrasive action. We consider this a very im- 
portant test of leather-cloth on account of its direct indi- 
cation of the hardness of the coating, which forete!ls the 
wearing quality. 

It is important that the goods possess _ sufficient 
strength and rigidity to withstand the normal wear-and- 
tear of service. Limiting requirements should be adopted 
for each class of material. High tensile-strength is 
necessary for leather-cloth that requires great resistance 
to tearing or breaking under service strain. Good grades 
of properly constructed leather-cloth generally run higher 
than the corresponding grades of leather. 

The “grab” method should be used to determine the 
tensile-strength. Strips are cut parallel to the warp and 
the filling threads should be 4 in. long and 114 in. wide. 
The jaws of the machine are set 1 in. apart with a 1-in. 
clamp. The speed of the lower jaw is regulated to 12 in. 
per min. and an average of at least three breaks is ob- 
tained. Table 1 shows the high and low points of a large 
number of samples examined in our laboratory, and indi- 
‘ates the variation that may be expected in the different 
commercial brands. If you desire a very strong material 
that cannot easily be ripped from the bows, you must sub- 
ject it to a scientific test to determine its suitability. 


TABLE 1—VARIATIONS IN THE TENSILE-STRENGTH OF AUTO- 
MOTIVE MATERIAL 
Warp Filling 

Kind of ; ve a 

Material Maximum | Minimum | Maximum | Minimum 
Upholstery 215 100 160 90 
Top... 180 120 120 75 
Curtain 145 70 95 50 


To produce a piece of goods with a very even coating 
that will not appear thready when stretched, and at the 
same time to increase the strength and water-resistance 
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Fig. 5 Strips THAT HAVE BEEN TESTED FOR ADHESION 
and overcome the diagonal stretch due to the method of 
constructing sateen and twill-base fabrics, some manu- 
facturers cement two fabrics together before laying on 
the coating. In such cases it is very important that the 
cement be very strong so that the plies will not separate 
when they are stretched over the bows of the automobile 
top. The separation of the plies results in general weak- 
ness and greatly reduces the resistance to water. The 
degree of adhesion between the two fabrics may be con- 
veniently determined by an attachment to the Scott 
dynamometer illustrated in Fig. 4. 

In testing the bonding-strength, strips 8 in. long and 
1 in. wide are taken out parallel to the threads, in either 
the warp or the filling direction. The separation of the 
plies is started with a knife and they are stripped back 
about 2 in. One end is fixed in the upper jaw and the 
other in the lower jaw of the dynamometer. The mo- 
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tion of the lower jaw continues the separation at a uni- 
form speed of 12 in. per min. The tension required is 
shown on the balance dial. This must be watched dur- 
ing the separation. The pointer will be approximately 
steady about an average point. Tearing the threads 
must be avoided by cutting the sample properly. For 
example, the pointer might vary from 2 lb. 6 oz. to 2 lb. 
10 oz., in which case we should call the bonding-strength 
2% lb. per in. Fig. 5 indicates the nature of the strips 
used in the test and their appearance after they are 
separated. 

You have all seen baggy tops that flap in the wind, sag 
and lose their trim appearance. The tendency toward 
this condition can be foretold by measuring the percent- 
age of elongation under tension, by an autographic device 
attached to the fabric dynamometer. The jaws of the 
dynamometer are fixed 3 in. apart with the 114-in. clamps 
in place. The stretch is measured by actual distance 
above the base-line on the stretch-strain diagram and is 
recorded at 20, 40 and 60 lb. The samples are 6 in. long 
by 1 in. wide. 

Fig. 6 shows the stretch diagram obtained on two 
samples of automotive top material. In one case the 
stretch is very high, amounting to about 9 per cent in 
the warp direction at a 60-lb. tension; in the other case 





it is less than one-half that amount. The test is, of 
course, very severe, and it is not to be supposed that an 
automobile top would ever be subjected to a force suffi- 
cient to stretch it 9 per cent. The figures obtained, how- 
ever, are relative and it has been shown that the 9-per 
cent material is less satisfactory in actual service than 
the 4-per cent material. 

The resistance to puncture is determined by a small 
steel foot that is pressed against the fabric, the force 
necessary to produce rupture being measured. The Webb 
testing-machine shown in Fig. 7 is fitted with a %-in. 
foot, which is used over the No. 1 hole. The goods are 
placed under the foot and held by a clamp in both the 
warp and the filling directions while the pressure re- 





Fic. 7—THE TESTING-MACHINE UsED To DETERMINE 

THE RESISTANCE OF THE FABRIC TO PUNCTURE AND AT 

ITs SIDE THE GAGE FOR DETERMINING THE THICKNESS 
OF THE FABRIC 


quired to puncture the goods is recorded. This instru- 
ment was designed originally to measure the breaking- 
strength of paper and strawboard. Various attachments 
that have been supplied with the device have made it 
suitable for measuring some of the qualities of leather- 
cloth. A flat 1-in. square foot that is furnished can be 
used to measure the resistance to cracking. It is not 
possible, however, to obtain so high pressures on the 
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APPARATUS DEVISED To MEASURE THE RELATIVE RESISTANCE 
OF THE FABRIC TO CRACKING 
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TESTING-MACHINE TO DETERMINE THE 


FABRIC TO WATER 


RESISTANCE OF THE 


water testing-machine shown in Fig. 8. In Fig. 7, along- 
side the Webb testing-machine, is shown an Ashcroft 
thickness-gage that is used for determining the thick- 
ness of leather-cloth. 

The operations of folding and stitching will produce 
large cracks on an inferior material, whereas a high- 
grade product will withstand severe manipulation with- 
out injury. To determine the relative resistance to 
cracking the apparatus shown in Fig. 8 was devised. 
This instrument measures cracking pressures up to 200 
lb. per sq. in. Many high-grade leather-cloths will with- 
stand these easily. A few products are so brittle that 
they crack below a pressure obviously much too low to 
meet even the simplest manufacturing requirements. 
The test consists in taking strips 1 in. wide that are cut 
parallel to the warp and the filling of the base fabrics. 
These are folded into creases with the coatings up and 
placed beneath the foot of the testing machine. The 
pressure on the foot is gradually increased by rotating a 
handwheel until the coating cracks. The pressure is 
recorded by a diaphragm filled with water and connected 
with a pressure-gage. 

The toughness of the coating sometimes is determined 
in a practical way by manipulating the goods between 
the fingers, in what is commonly called the “scrub test.” 
There are a number of other so-cal’ed “hand-tests” that 
sometimes are used as a general guide. One of these con- 
sists of drawing some blunt instrument quickly across 
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DETERMINING THE LIFE OF THE FABRIC BY P 


AGING BLOCKS ON THE ROor 
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the coated surface; another is to fold the goods double 
and rapidly draw them apart. These tests are, of course, 
not more than general indications inasmuch as different 
persons do not perform them in the same manner. 

In some cars that have been on the road for a little 
while you can see that the coating of the upholstery has 
peeled off in large pieces, the fabric beneath showing, 
In fact, the coating on some materials is anchored go 
poorly that it can easily be pulled off with a finger-nail. 
In a practical way, a general idea of the degree of ad- 
hesion can be obtained by the finger-nail test but it is 
far from exact and, of course, does not allow expression 
in numerical units. We have, therefore, designed an 
attachment to our crack testing machine to measure the 
adhesion properly and we recommend a method in which 
l-in. strips of the goods to be tested are cut parallel to 
the warp and the filling threads. Near one end of each 
of these strips a flat S-bend is formed. A pressure of 
1 lb. is then applied to the bend by the pressure jaws. 
The ends are fastened to a clip on the motor-driven re- 
volving cylinder. The motion of the cylinder draws out 
the goods at a uniform speed. Various pressures are 
used until the minimum pressure at which the coating is 
stripped from the base is determined. 

The importance of affording protection from rain is 
obvious in the case of topping and deck material. The 
relative resistance of various leather-cloths can be deter- 
mined by placing a sample of the coated goods face- 
downward in the Mullen testing-machine illustrated in 
Fig. 9, after first removing the rubber diaphragn, fill- 
ing the well with water and ascertaining the 
necessary to force the water through. 

Materials that have a very low degree of water- 
resistance can be tested by folding a piece of goods 20 in. 
square into a bag partly filled with heavy objects of 
irregular outline and immersed in water. The penetra- 
tion after 24 hr. and again after 48 hr. is noted. 

Several instances have occurred in which automobile 
tops have shrunk so badly that the bows have been pulled 
out-of-shape and loose from the frame. The shrinkage 
factor should, therefore, be predetermined. In making 
this test lines are ruled 10 in. apart on the sample which 
is then soaked in water at room temperature for 1 hr., 
drained and hung up vertically to dry. When it is com- 
pletely dry, the distance between the lines is measured 
and the contraction is expressed as a percentage of the 
length. 

It is, of course, not possible by any process to convert 
cotton or any organic substance into asbestos. It is de- 
sirable, however, that the coating material be not highly 
inflammable. The relative fire-resistance can be deter- 
mined with strips that are cut 1 in. wide by 8 in. long 
and supported vertically so as to hang freely. One of 
the lower corners is ignited with a match and the time 
from the application of the match to the complete com- 
bustion of the strip is determined. This will include the 
time-interval for ignition as well as for combustion. The 
condition of the cinder and the rapidity of travel of the 
flame are noted. 

A considerable variation among the numerous com- 
mercial brands of leather-cloth in their properties of 
heat-resistance exists. Some are affected very little by 
summer heat, whereas others “sweat” very badly when 
slightly warm. This “sweating” or “spewing” is very 
objectionable. To test fabrics for this characteristic the 
samples should be placed within a constant-temperature 
oven, adjusted to 150 deg. fahr., and allowed to remain 
for 2 hr., after which they are examined for tackiness 
and sweating. They are then allowed to come to room 
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temperature and are examined for any change in flexi- 
bility and permanent change in toughness. 

To determine the ease with which it can be cleaned, 
the coating should be subjected to a practical test by 
washing small strips of it with soap and water and also 
with gasoline. There should be no appreciable loss of 
luster or injury to the coating. An alternative test in 
the case of laminated leather-cloth, or of the two-ply 
khaki top-material, is to soak it in gasoline for 24 hr.; 
after drying it no difference should be found from the 
condition of the original sample in either the bonding or 
the tensile-strength. 

The final criterion of quality is how the goods stand 
up in service. It takes a long time for goods to deterior- 
ate under the natural influence of sunlight, wind, snow 
and rain, when placed on aging blocks on the roof as 
shown in Fig. 10. To determine the relative merits of 
various fabrics quickly it is possible to expose the samples 
to the ultra-violet rays of a mercury-arc light, illustrated 
in Fig. 11, and obtain information in a few days that 
ordinarily would require several months, showing both 
the deterioration of the coating and the stability of the 
color of composite cloths. 

The effect of exposure on the water-resistance is shown 
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Fic. 11—Mercury-Arc Licut Usep To DETERMINE THE 
LIFE OF THE FABRIC 


that goods of uniformly high quality may be produced, 
it is necessary that the manufacturers take great pre- 
cautions against defects in the finished material. 


In the 
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water-resistance of a few of the samples decreased dur- 
ing the test. The curves of the center denote the gradual 
loss of flexibility and the stiffening-up with age, and 
those at the right show the gradual loss of toughness of 
a few of the samples. At the end of the year some of 
them were as cracky as a fountain-pen and would snap 
when lightly pinched between the fingers. 
MAINTENANCE OF UNIFORM QUALITY 

The numerous properties have a wide variation among 

the different brands. To guard against fluctuations so 


TABLE 2—-SKIN PROPERTIES OF OILS AND LACQUERS 
Skin No. Strength,Grams Stretch, Per Cent 


23 1,330 14 
24 1,610 8 
27 695 96 
30 2,100 24 
46 : 400 80 
51 2,100 39 
53 2,990 77 
72 1,400 45 
77 7,435 5 
78 6,230 7 
79 8,000 8 
83 3,100 31 
86 300 64 
94 235 69 


187 3,400 99 


sured by chemical analysis, and the uniformity of the 
treated products is maintained by careful control of the 
chemical and physical properties. The Doolittle viscosi- 
meter, shown at the left of Fig. 13, has been modified to 
meet our particular requirements. The viscosity is 
determined by measuring the friction-resistance between 
the oil and a brass spindle. 


Fig. 13— THREE OF 
THE INSTRUMENTS 
EMPLOYED IN MAIN- 
TAINING A UNIFORM 
PRODUCT 
From Left to Right 
These Are the Viscosi- 
meter, the Plastometer 
and the Apparatus 


Employed for Testing 
the Skin 
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The plastometer, illustrated in the middle portion of 
Fig. 13, is utilized to maintain the uniformity of some 
of the primary mixtures that are compounded to make 
the coating. The strength, elasticity and wearing qual- 
ities of leather-cloth are dependent to a considerable ex- 
tent upon the character of the skin-forming material 
with which they have been coated. To obtain strength 
without sacrificing pliability, it is necessary to maintain 
the proper balance between the fabric and the coatings. 
The fabric must be chosen to furnish the necessary 
tensile-strength. Knowing the weave, construction, 
weight and the like, the coating materials can then be 
selected scientifically to yield the most serviceable prod- 
ucts. The apparatus for testing the skin is shown at the 
right of Fig. 13. 

Table 2 shows the variations in the skin properties of 
a few typical treated oils and emphasizes the necessity 
for choosing the proper materials carefully to obtain the 
desired qualities in the finished product. A microphoto- 
graphic outfit, by which skin-forming properties are 
studied, is illustrated in Fig. 14. Fig. 15 is a micro- 
photograph of oils showing two different stages of treat- 
ment. The skins formed from various coating vehicles 
do not in themselves possess the desired characteristics 
of strength and wearing quality. To increase the re- 
sistance to wear and at the same time meet the artistic 
requirements in color and finish, certain pigments must 
be incorporated into the mixture. These are purchased 
on specification and are carefully checked for uniformity. 


SPECIFICATIONS FOR LEATHER-CLOTH 


To produce motor cars with all the features of design 
and construction carefully balanced and to give the pur- 
chaser the maximum return for his money, definite speci- 
fications for many of the mechanical parts have been 
adopted. The steel must conform to definite require- 
ments; the instruments must meet certain tests; yet 
very few leather substitutes are purchased according to 
any agreed specification of quality. 

Specifications covering three general applications of 
leather-cloth to special requirements are presented below: 


PURCHASE SPECIFICATIONS FUR AUTOMOTIVE MATERIALS 


Special 
Kind of Material Top Upholstery Coach 
Tensile-Strength of 
Warp, lb. 175 to 190 195to210 120 to 130 


Tensile-Strength of 
Filler, lb. 


95 to 105 150to160 115 to 125 
Weight per Square 


Yard, oz. 20 to 21 23 to 24 22 to 23 
Thickness, in. 0.0320 to 0.0360 to 0.0350 to 
0.0330 0.0330 0.0360 





Fig, 14— MIcROPHOTOGRAPHIC OvTFIT EMPLOYED To STUDY THE 
SKIN-FORMING PROPERTIES 
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Fic. 15—-MICROPHOTOGRAPHS OF AN OIL SHOWING THB 
RESULTS OF Two DIFFERENT TREATMENTS 


Toughness of Warp 30 to 40 40 to 50 200 (b) 
(a) (a) 
Toughness of Filler 25 to 35 30 to 40 200 (b) 
(a) (a) 
Resistance to Heat at 
150 Deg. Fahr. OK OK OK to 
Slightly Tacky 
Resistance to Abrasion 
at 2,000 Rubs OK to eooe OK 
Slightly Dull 
Resistance to Abrasion 
at 3,000 Rubs OK 
Resistance to Abrasion 
at 4,000 Rubs Slightly Slightly 
Dull to Dull Dull 
Resistance to Cold at 
30 deg. Fahr. No Crack- No Crack- 
in ing 
Resistance to Fire, sec. 35 to 40 35 to 40 35 to 40 
Cleansability with Soap OK OK OK 
Cleansability with 
Gasoline OK OK OK to 


Stretch of Warp at 
20 Lb., per cent 
Stretch of Filler at 
20 Lb., per cent 
Stretch of Warp at 
40 Lb., per cent 
Stretch of Filler at 
40 Lb., per cent 
Stretch of Warp at 
60 Lb., per cent 
Stretch of Filler at 
60 Lb., per cent 


Adhesion of Coating, 


Bonding Strength, 


Dryness 
Flexibility 


Slight Effect 
0.75 to 1.00 1.50 to 2.00 2.00 to 2.50 
1.50 to 1.75 4.00 to 4.50 4.50 to 5.00 
1.00 to 1.50 2.00 to 2.50 3.00 to 4.00 
1.75 to 2.00 5.50 to 6.00 6.00 to 6.50 
2.00 to 2.25 4.00 to 4.50 9.00 to 11.00 
2.00 to 2.50 8.50 to 9.00 8.00 to 9.00 


4to5 5 4to5 
2.50 to 3.00 2.50 to 3.00 2.50 to 3.00 
Good Good Good 
OK OK OK 


Resistance to Shrink- 

age of Warp, per 

cent 1.00 to 1.50 0.50 to 0.75 0.75 to 1.00 
Resistance to Shrink- 

age of Filler, per 


cent 0.25 to 0.75 0.00 to 0.25 0.00 to 0.25 
Smoothness Good Good Good 
Fabric Construction Muslin Muslin Muslin 

and Drill andDrill and Drill 

Thread Count, Muslin 62x50to 66x60to 52x50 to 
66x58 64x58 48x46 

Thread Count, Drill 62x34 to 109x46to 72x60 to 
66x40 107x44 68x56 


Resistance to Punc- 
ture of Warp 

Resistance to Punc- 
ture of Filler 

Water Resistance for 
48 Hr. OK OK OK 

Water-Pressure Re- 
sisted, Ib. 


325 to 350 330 to 340 200 to 210 
285 to 315 380to 390 250 to 260 


80 to 120 200 to 250 240 
Surfacing Good Good Good 
Luster Standard Standard Standard 
(a) Determined by scrubbing test. 
(b) Determined by water test. 
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Maintenance Effects of Automotive 
Electrical-Equipment Standardization 


By A. H. Packer! 


HE author outlines past conditions that led to a 

diversity of design for similar parts, such as tires 
and rims, as being analagous to the causes of present 
variations in automatic electrical equipment intended 
for identical purposes, and gives specific instances in 
which such variation has resulted in excessive expense 
and delay. 

Constructive suggestions are made for improvement 
in regard to reducing the number of types of equipment 
and standardization of the remaining types, more 
especially with regard to generators, as a means of 
making possible better service-station efficiency and a 
reduction of the investment now necessary because of 
the carrying of an excessive number of parts in stock. 
Standardization problems are stated and commented 
upon, and the advantages of a reasonable degree of 
standardization for electrical equipment are set forth. 


O get a vision of how present difficulties might 
have been avoided, let us start at the time when 
pneumatic tires were first being developed, and 
pretend that at that time there was the same amount 
of engineering initiative that we have in the industry 
today. Tire companies and motor-car companies were 
many, and none of them would consider having any part 
so common that it could be used on any other car. Ac- 
cordingly, it happened that each motor-car company 
designed wheels having rims that required special tires. 
No two different makes of car could use the same size of 
tire, and the tire companies bowed to the wishes of their 
prospective customers and designed accordingly. Some 
cars required different sizes and types of tire on front 
and rear wheels; on others, designers thought that, due 
to the crown of the road, the tires on the right side 
should be larger, with the ones on the left side made 
oversize for foreign shipment. 

After these companies had distributed several mil- 
lion cars to purchasers uninformed as to the real mean- 
ing of variations of this kind, tourists often had the 
experience of being stranded while waiting for a tire 
from the factory because, unless the local dealer han- 
dled that particular make of tire, there was no chance 
of getting some other make to fit. Each motor-car com- 
pany continued to justify itself regarding this policy 
by the fact that customers had to come to it for tires, 
forgetting that it was automatically closing its doors to 
the possibility of a great amount of additional replace- 
ment business. Some of the smaller tire companies went 
out of business, but the larger ones could not profit by 
this because they had nothing to sell the former cus- 
tomers of the other organizations. Nor was this the 
only way in which the whole industry was limiting it- 
self. Prospective buyers hesitated to buy cars because 
blowouts of tires might necessitate expensive hotel bills 
while waiting for a new tire or the abandonment of the 
car and returning home on a railroad train. Such nega- 
tive advertising passed from one car-owner to another 
and increased sales resistance so that competitors were 
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forced to get together to see what was wrong and try 
to correct it; and this is the point at which we find our- 
selves today. 

The foregoing outline is a close parallel to the condi- 
tion that exists today in regard to automotive electrical- 
equipment. Not only do we have a multitude of starting 
motors, generators and ignition devices, that fit on one 
car and one car only, but we have wiring schemes that 
have very different arrangement on the car, although 
they are the same in principle. This is a source of an- 
noyance not only to the owner of the car but to the 
average man in the small electrical station as well. A 
man in a small town does not have a sufficient quantity 
of work to make him familiar with the wiring on all of 
the various makes of car. However, if the circuits were 
analyzed, we would find them essentially the same; ac- 
cordingly, it would seem possible to get some systematic 
way of wiring all cars. 

For example, the tail-lamp wire might be designed to 
run back along the left side-rail of the frame or*body; a 
standardized location of the fuses would help; a stan- 
dardized color scheme for the wires, long discussed, would 
facilitate trouble-shooting; and a definite location for 
the terminals on the back of the lighting-switch would 
make it easier for all concerned. This would mean, for 
example, that the tail-lamp terminal would always be at 
the bottom, the head-lamp terminal always at the top 
and the battery terminal always in the center. Then an 
electrician could locate wiring or circuit trouble on any 
car more quickly and easily, and the customer would 
have just that much more satisfaction from his car. 
Regarding standardized color-schemes, a certain magneto 
made some years ago had a cable from the magneto to 
the coil, the three wires being colored red, green and 
yellow and the terminals on the coil marked R, G and Y; 
the average man thus was able to get the wires on the 
right terminals. 

An endeavor has been made to improve the available 
facilities for training men for maintenance work because 
the present schools are inadequate. This takes time, 
but we can improve conditions in automotive mainte- 
nance by making the various jobs easier as well as by 
making the workman more skillful. At present it is a 
gamble as to what will happen to a car if some small- 
town battery or electrical man is asked to locate trouble 
in the wiring. Occasionally, a gocd man at this work is 
found, but this is not the rule. Few so-called electricians 
know the fundamentals of the wiring of cars sufficiently 
well to shoot trouble on an unknown model, and the 
variation in the wiring plans is so great that it is im- 
possible for any man to memorize them. Nor do wiring 
manuals help out in every case. One reason is the cost, 
which prevents all but the most farsighted from using 
this kind of assistance. Others do not use diagrams 
because they do not know how to read a blue-print; the 
lines on the paper mean nothing to them so far as trac- 
ing the wires is concerned. This class of man is working 
on the cars we build and, whether we acknowledge it 
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or not, he is our agent in the eyes of the car-owner. 
Whatever trouble he causes and whatever mistakes he 
makes in working on our customers’ cars, he will never 
ascribe them to his own inability but will blame the 
manufacturer for putting out a pile of junk and making 
a mess of the wiring. Such things do not promote sales; 
they kill them. That is why, in self-defense, we should 
standardize wiring so that, if a man had ever traced 
the tail-lamp circuit on any car, he could go to any other 
car and trace the same circuit with equal facility. Varia- 
tion in wiring schemes makes maintenance difficult but 
not impossible. On the other hand, the variation that 
exists in the construction of the electrical equipment on 
the car cannot be overcome by any amount of training 
that the electrical man might have. The expense that 
this entails is borne by the automotive industry. 

To illustrate what special design really means, some 
years ago, when working for an electrical company, my 
time from 3:00 to 10:00 p.m. was taken up in reaching 
a small town where a job awaited me. The local power- 
house was operated overtime for 1% hr. to provide 
light in the garage, through influence, only to find that 
the car in question was equipped with an ignition gen- 
erator different from that used on any other car, that 
nothing in an ordinary garage would replace it and that 
no near-by town garage or dealer could help out. Even 
when it was customary to render service of this kind, it 
showed a condition that is far from right. Someone 
must pay for expensive maintenance of this nature. If 
the factory stands up under such strain, it is due to the 
fact that the expense has already been passed along to 
the customer by increasing the first cost of the equip- 
ment. 

Even today conditions in this respect are not appre- 
ciably improved. I visited a small battery-station re- 
cently, in a town about 30 miles from Chicago. While 
I was there a man came in to see about a generator he 
had left for repair. Examination had shown that it 
needed an armature, bearings and brushes. The shop 
did not have these, nor was there any place nearer than 
Chicago where they could be had. The generator, as 
usual, was used on that particular car only, and the parts 
could not be obtained within 4 or 5 days. In the case 
of this particular car, it was possible to run without 
the generator being in place; but, if it had been a car 
on which either the oil-pump or the water-pump was 
driven through the generator, or ignition apparatus was 
mounted on the generator, the holdup would have been 
complete. The average service-station in a small town 
has small chance of having in stock whatever part a car- 
owner may need. In checking-up a wiring manual re- 
cently, I found listed therein 791 diagrams of different 
cars, 14 different generator makers in active production 
and 171 different types of generator made by these com- 
panies. 


’ PROPOSED SERVICE IMPROVEMENT 


The Automotive Electrical Association proposes to es- 
tablish stations throughout the Country which will han- 
dle service on all makes of electrical equipment. This 
is a step in the right direction, but how can it possibly 
succeed in doing this where the community is so small 
that the sales will not pay the interest on the stock in- 
vestment? In a small electrical service-station not far 
from Chicago, two partners are working their heads off 
and claim to have over $8,000 worth of stock. They told 
me about what sums they were able to draw out of the 
business each week. I figured that if they subtracted 
the interest on their investment they would find they 
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were making less in a week than they could easily. get 
if working for someone else. These men are subsidizing 
the industry to the extent of their investment; they do 
not realize it. If this same station were handled by a 
business man capable of figuring his interest, deprecia- 
tion of equipment and kindred factors, he would find it 
necessary in a small community of this kind to increase 
prices so that these overhead items would be taken care 
of. The burden would then fall on the car-owner, just 
as it does now, but it would be a cash burden rather 
than one of inconvenience. 

Another example of extreme inconvenience caused by 
the lack of uniformity in electrical equipment is shown 
by the experience of a man who was driving from Mil- 

vaukee to Chicago. He was passing through one of the 

small towns near Chicago, when his car suddenly stopped. 
He called on an electrical service-station and it was found 
that the distributor-arm in the battery-ignition system 
had been punctured. The electrical station acted as of- 
ficial service agent for one or more makes of equipment 
but not for the one in question, and the man had to aban- 
don his car. Now there is no patent on the shape of the 
upper part of a distributor-shaft, and there is no reason 
why there could not be some uniformity as to the radius 
through which a distributor-arm swings. Except that 
distributor-arms of various makes do not fit in place of 
each other, they are very similar, and there seems 
to be no reason why they could not eventually be made 
interchangeable. Such a suggestion will, no doubt, be 
objected to by a number of engineers, but advancement 
in any line is attained only by subordinating personal 
opinions to the good of the many. If the present 
S.A.E. Standards were more generally used, this man 
would not have been forced to leave his car. In an emer- 
gency, a busy man probably would prefer to buy a whole 
distributor of another make, rather than lose the use 
of his car for several days. But even with the best of 
standards, well worked-out by wise committees, there 
will be no appreciable benefit to cars already in the user’s 
hands. However, the industry is progressing. We must 
work for the period 10 years hence, or our anticipated 
progress will fail to materialize. 


STANDARDIZATION PROBLEMS 


How shall we begin to standardize? A proposed basis, 
taking into consideration the electrical characteristics 
of the machine, has been outlined, but how will this help 
the maintenance shop unless the mechanical dimensions 
also are determined? And, if both the electrical char- 
acteristics and the mechanical dimensions are predeter- 
mined, are not some of our engineers right when they 
say that standardization would remove all chances for 
initiative and for development in the art? We would 
be on a war basis, building for production only according 
to planning already done. 

The car-owner and even the service-station proprietor 
do not care much whether a generator charges a battery 
at 12 or at 14 amp. Furthermore, if it does charge at 
12 amp., that may be too much for the way some cars 
are run and 14 amp. may not be enough for other classes 
of usage. Of course, if a generator charges only at 
5 amp. and the battery has to be charged every 2 weeks, 
someone will let us know about it. On the other hand, 
if the generator is one of the ultra-enthusiastic kind 
and has a propensity for throwing out solder and loosen- 
ing its armature leads, there will also be a comeback; 
but, in between these extremes, the exact charging-rate 
is not so vital as engineers would lead us to believe. 

On the other hand, suppose we should proceed with 
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AUTOMOTIVE ELECTRICAL-EQUIPMENT STANDARDIZATION 


the standardization after the following fashion: Make 
a survey of generators now in production that have an 
output of say 12 amp. at 8 volts at 1500 r.p.m. without 
destructive heating; take a number of such generators 
and consider their length and diameter; consider the 
length and diameter of the armature core, the size of 
the commutator and the brushes, the size and location 
of bearings, and lay-out a standard generator on this 
basis. We now have the mechanical dimensions pretty 
well-defined, but they have not limited initiative. Per- 
haps some particular electrical-equipment company that 
has extensive research facilities will develop a grade of 
iron in which the heat losses will be less than those in 
commercial laminated steel. By this means it may be 
able to put out one of these standard machines that will 
either have a greater output at the same temperature, 
or have a lower temperature for a specified output. In 
either case the company purchasing such a machine 
would get more for the money, or that machine might be 
sold for more than the average standardized machine. 
Perhaps some other similar company would develop a 
new type of insulation that would withstand excessive 
heat, due to overloading or overspeeding; it might 
thereby have a product superior to that of some other 
companies. 

Standardization of complete machines would be a step 
in the right direction. It would make possible the use 
of-a rental machine while the machine from the car was 
being repaired. However, by visiting a number of ser- 
vice-stations, it will be found that, as a rule, no attempt 
is made to keep complete machines in stock. The present 
reason is their high cost, combined with the fact that 
it is impossible to have enough different kinds of machine 
to fit all cars.. Then again, as a rule, the customer does 
not wish to pay enough to have a complete machine put 
on, except in very unusual circumstances. 

About the most common part carried in stock is the 
armature. While the cost of this is, of course, not so 
much as that of a whole machine, it is enough to prevent 
all but the very largest establishments from having a 
sufficient variety of armatures to handle the general run 
of cars. It seems that standardization of armature sizes 
would be of the greatest benefit to the electrical-main- 
tenance division of the industry. It would require fix- 
ing bearing dimensions and their relation to the arma- 
ture core and commutator. The size of the core, both 
the diameter and the length, would have to be set, and 
the commutator size would have to be fixed. Here, of 
course, we run into questions of design. In a machine 
of fixed external dimensions, one engineer might figure 
some advantage in a fairly large armature, with less 
space for the fields, while another engineer might favor 
a smaller armature with greater field-space. It appears, 
however, that an analysis of a number of machines would 
determine average dimensions that could be adhered to. 
It may be said that, even if an A-type machine is stand- 
ardized so that the armatures are all alike in regard to 
external dimensions, they may not be interchangeable 
electrically. That may be true at the start, since we 
have four-pole machines and two-pole machines, but it 
should be possible to settle on one of the types as stand- 
ard. In fact, most of the generators now in use are 
four-pole machines. In regard to the manner in which 
armatures are wound, it makes little difference whether 
progressive or retrogressive winding is used, if all arma- 
tures use the same method of winding. Even if engineers 
should insist on their right to individuality in this par- 
ticular respect, it would be easy for the service-man to 
reverse the fields and make the armature suffice. 
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The question of brush position also is one that would 
have to be settled before an armature would be inter- 
changeable with that of some other type of machine. 
Here again the fundamental nature of the winding is 
determined by electrical laws that no engineer can alter. 
The brush must be placed on the commutator so that it 
rests on commutator bars connected to coils that are 
generating little or no voltage at that instant. From 
bars under a brush, the winding invariably goes to a 
point between the poles. If the brush is located under 
the pole, it must go off to one side a little more than 
half the pole width. In the other direction, the winding 
also goes off at an angle for about half the pole width. 
The other possible brush position is between the poles. 
In this case one armature wire must go straight up to 
get into the neutral zone, while the other must go over 
at an extreme angle the distance of the whole pole-width 
and a little more, to get into the next neutral zone be- 
tween the poles. The point is that the electrical opera- 
tion in one case is the same as in the other, and special 
armatures would have to be made for each type. There 
is, however, no reason why all such machines could not 
have the center of the pole as the standard main brush 
position. Regarding what latitude this would give the 
designer and wherein he would have a chance to de- 
velop his product, variation in the number of commuta- 
tor bars would still be permissible if the diameter were 
kept the same. Variation in the slots, in the quality of 
the iron, and in the relation of field ampere-turns to 
armature ampere-turns would still be possible, so that 
we would continue to have machines differing somewhat 
in electrical performance. Perhaps some, more expertly 
designed, would have better commutation and therefore 
have greater brush-life. ° 

It may be said that the interchangeable feature for an 
armature would have little value if the electrical charac- 
teristics were not identical but, according to my experi- 
ence, this is not the case. To show how it is possible 
to take liberties with the design of a machine and still 
make it work, while in charge of a certain service-station 
I received a telegraphic order for a generator to be sent 
to a tourist in Canada, whose machine had quit. The 
machine on the car in question was a 12-volt generator, 
and all we had in stock was a 6-volt machine of the same 
size. This was modified, so far as protecting its field 
was concerned, by installing a quickly made resistance 
unit, equal in value to the shunt-field resistance. The 
regular 6-volt armature was used for this 12-volt ma- 
chine, and it worked all right. This generator came back, 
in about 6 months, not because the idea was not all right 
for an emergency, but because the resistance unit had 
been mounted inside, where it did not cool sufficiently, 
and it had eventually burned-out. This illustration is 
an extreme case, for the run of 6-volt armatures do not 
differ nearly so much as was true in this instance. 

Any car-owner would rather have an armature put 
in that charged at 2 amp. less, than wait 2 days for some 
other kind. Again we have found that, even if one arma- 
ture has seven turns per coil and another nine turns, 
they can be interchanged without much trouble. Third- 
brush adjustment is capable of giving approximately 
the same results in either machine. If the armature 
with few turns were put into the other machine, the 
brush could be advanced slightly; if the opposite were 
true, the brush could be moved back somewhat. It is 
interesting to note that the 15 makes of car that are in 
heaviest production all use generators having the third- 
brush method of regulation. 

About 150 kinds of generator armature must be kept 
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in stock at present. Many of these armatures are so 
nearly alike that careful examination is needed to de- 
termine their differences. Two of these made by one 
company are identical except that the diameters of the 
shaft-end on which the sprocket goes are different. It 
is probable that when the sales department solicited or- 
ders for a certain machine the purchasing agent’s reply 
was to the effect that he had several thousand sprockets 
in stock that could not be used on the department’s regu- 
lar machine, but that the same generator made with the 
shaft size to suit those sprockets would secure the order. 
Thus the special armature came to be made, to be a bur- 
den to service-stations ever-after. 

Assuming that we could equip cars at present with 
standardized machines only, and that within 10 years 
the present cars would have had their present generators 
replaced with standardized generators, we would have 
reduced the number of types of armature in stock from 
150 to 5. Let us say that there are 1500 electrical ser- 
vice-stations that are carrying at least a full set of arma- 
tures and that the average dealer’s price on these is 
$10 each. On this basis we have a minimum investment 
of $2,250,000. Furthermore, this is only on a basis 
sufficient to take care of one customer on any particular 
armature. Now if we assume that the 10-year period 
of readjustment has passed, we find the investment re- 
duced to $75,000, a difference of $2,175,000. Not only 
is this enormous reduction of investment possible 
throughout the Country, but any small battery or elec- 
trical station having $50 to invest can acquire a stock 
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of five armatures that will take care of any job that may 
come his way. At present such a thing is entirely out 
of the question. This $2,175,000 represents some $130,- 
500 saved in interest. If we take Ray Sherman’s figures 
of 10-per cent average total net-profit as being just, we 
find that a business of $1,305,000 would have to be done 
to accomplish as much. Let us remember that these 
figures are based on generator armatures only, no motor- 
generators or starters having been considered. If these 
also could be standardized, the saving could be more 
than doubled. The calculation was made on a basis of 
only one armature of each kind in stock, whereas most 
stations carry a number of the more popular types. 

It is impossible to measure in dollars the value of such 
a condition to the automotive industry. For example, 
in case of a fire or a strike that might tie-up a large 
electrical plant, other equipment would be available and 
might even be secured by this plant to satisfy its cus- 
tomers and keep its business. Again, having parts avail- 
able in all regions of the Country instead of in the larger 
centers only should give such satisfaction to car users 
as to react in greatly increased sales and prosperity for 
the whole industry. There is no great agitation in the 
spark-plug field in favor of 150 different types of thread 
instead of some three or four, or any agitation in favor 
of 150 different types of plug and socket for lamp fit- 
tings. We have two types now, and that is one too many. 
Standardization of those parts has not cut into anyone’s 
business, but has made possible increased production, 
sales and profits. 


" THE EDUCATION OF ENGINEERS 


CIENTIFIC knowledge is not the only ingredient neces- 
sary for the making of an efficient engineer; and al- 
though knowledge of ascertained fact is required, and in 
the fullest possible measure, in order that it may be employed 
as a basis for projected designs, the knowledge likely to be 
most valuable as giving clear vision in these respects is that 
full comprehension of plain physical reality which enables 
a man to form a reliable prediction as to the probable conse- 
quences of a proposed action, and to trace backward accu- 
rately from an observed result to the causes of which it is 
the effect. Engineering deals always and solely with actual 
physical realities; and the mathematics of engineering must 
be taught and studied throughout in terms of physical real- 
ity if the school work is to form a suitable foundation upon 
which the real education of an engineer may be built. 
The activities of the human mind may be classified under 
three broad headings: (a) imitative, (b) interpretative and 
(c) originative. Such a classification is already recognized, 
tacitly, at least, but the fatal error is made of attempting 
to apply the classification to individual minds instead of to 
the activities of each and every mind. In such imitative 
work as the manufacture of ordinary sewing-needles there 
is wide scope for the exercise of both the originative and 
interpretative faculties. In the essentially interpretative 
work of the ordinary commercial drawing-office and machine- 
shop there is of necessity much that is almost purely imita- 
tive, while there is also need for originative ability without 
in any way encroaching upon the preserves of design. And 
in the originative work of design, administration and or- 
ganization there is inevitably much that is imitative, and also 
very much that is truly interpretative. 


It would be difficult, if not impossible, to define the precise 
boundaries between any two of these fields; and it would 
appear unlikely that any useful purpose would be served 
by such definition. All three should be cultivated and devel- 
oped, with equal assiduity and care, in each and every mind, 
for all three are of equal importance, instead of endeavoring 
to produce here and there a few minds that shall give out 
original ideas constantly and exclusively; and a few others 
that shall do nothing but interpret the ideas originated by 
their superiors; while the main bulk are left to wallow in 
mere imitation. The latter course has been followed for a 
long time and is now obviously found wanting, a result that 
is not surprising, seeing that the method is altogether un- 
natural. 

It is, of course, true that the higher ranks of the profes- 
sion are concerned with originative work to a greater extent 
than are the lower ranks; and that, consequently, personal 
progress in it must be upward from work that is mainly 
imitative through that which is mainly interpretative. But 
no argument is needed to show that every individual member 
of it, as well as the profession as a whole, would benefit 
enormously were the fact recognized and made clear to all 
that, throughout life, the three faculties are all of equal 
importance in each mind, and should be cultivated and 
developed with equal care; that work which is apparently 
of the most imitative character demands the exercise of 
the interpretative and originative faculties if it is to be really 
well done, and that it is impossible for a man to originate 
any truly good project unless his imitative and interpreta- 
tive faculties be thoroughly keen and well developed.—E. G. 
Beck in Engineering (London). 
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tee the authors presented a paper on the sub- 
WJ ject that included the test results of only three 
fuels, the number of fuels investigated has been in- 
creased to 14 and several improvements have been 
made in the method relating to the manner of the prep- 
aration of the equilibrium solution and in the appa- 
ratus used for the measurement of vapor-pressures. 

In addition to describing these improvements, the 
present paper includes data on the fuels; a series of 
empirical curves from which it is possible to deter- 
mine, aided by the data from the distillation curve, 
the dew-points of non-aromatic hydrocarbon fuel; a 
table showing a comparison of the more important 
properties of the fuels; and definite evidence that the 
85-per cent point is the best single measure of the 
effective volatility of a motor-fuel, from a standpoint 
of distribution and crankcase dilution. 


N a previous paper entitled Condensation Tempera- 

ture of Gasoline and Kerosene-Air Mixtures’, the 

authors presented a new method for the measure- 
ment of the dew-points, or initial-condensation tempera- 
tures, of motor-fuels when mixed with air in various 
proportions. At that time the experimental work had 
been confined to three fuels, Socony kerosene, Socony 
gasoline, and an artificially prepared high-end-point 
gasoline. Since then, however, the number of fuels in- 
vestigated has been increased to 14, much of this work 
being done in connection with the cooperative fuel re- 
search program conducted jointly at the Bureau of Stand- 
ards by the American Petroleum Institute and the So- 
ciety of Automotive Engineers. The larger number of 
fuels now includes specimens ranging in volatility from 
the lightest fighting-grade aviation gasoline to a rather 
high-boiling commercial kerosene. 

Since the presentation of the first paper, several minor 
improvements have been made in the method, chiefly in 
the apparatus for the preparation of the equilibrium 
solution and that for the measurement of vapor-pressures. 
The more extensive data have also made possible the 
development of a series of empirical curves from which 
it is possible to determine with a fair degree of ac- 
curacy the condensation temperatures of an ordinary 
motor-fuel from the data given by the standard dis- 
tillation-test. 

This paper contains (a) certain modifications and im- 
provements in the method developed previously by the 
authors for preparing equilibrium solutions and the 
measurement of the vapor-pressures of motor-fuels; (b) 
data on the effective volatility of 14 different fuels, cov- 
ering a very wide range of volatility; (c) a series of 
empirical curves from which it is possible to determine 
the dew-points of a non-aromatic hydrocarbon fuel, 
aided by the data from the distillation curve, with a de- 
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Fic. 1—AUTOMATIC FORM OF APPARATUS THAT HAS BBEN DEVELOPED 


FOR THE PREPARATION OF EQUILIBRIUM SOLUTIONS 


gree of accuracy sufficient for all ordinary purposes; 
(d) a table showing a comparison of the more impor- 
tant properties of the fuels investigated; and (e) defi- 
nite evidence that the 85-per cent point is the best single 
measure of the effective volatility of a motor-fuel, from 
a standpoint of distribution and crankcase dilution. 


EQUILIBRIUM-SOLUTION PREPARATION 


The experimental work involved in the determination 
of condensation temperatures divides itself into three 
steps: (a) the preparation of a mixture known as the 
equilibrium solution and which has the same composi- 
tion as the first drop of liquid that would condense from 
the dry vapor on gradual cooling; (b) the measurement 
of the vapor-pressures of this solution and of the original 
fuel; and (c) the standard Engler distillation-test on 
the fuel. The last operation furnishes the data from 
which the approximate average molecular weight is de- 
termined. 

The first step involves the distillation of the fuel under 
such conditions that fresh fuel is supplied to the flask 
at the same rate at which the vapor is being condensed, 
the distillation being continued until the temperature 
becomes constant and the incoming and outgoing liquids 
have the same composition. To obtain equilibrium re- 
quires from 1% to 3% hr. It therefore becomes de- 
sirable to construct an automatic device that will main- 
tain a constant level in the distillation flask, and elimi- 
nate the necessity of the continual attention of an opera- 
tor for this considerable period of time. Such an ap- 
paratus, shown in Fig. 1, has been constructed in the 
laboratory of the Massachusetts Institute of Technology. 
The apparatus consists of a distillation flask having two 
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Fic. 2—ANOTHER FORM OF APPARATUS FOR 
LEFT AND AT THE RIGHT THE VAPOR-PRESSURE BULB 
CAPILLARY VACUUM STOPCOCK 


necks supported at the end of a balance beam. As the 
flask rises, due to the boiling away of some of the liquid, 
the valve a is opened and admits fresh fuel. The escape 
of vapors through the supply tube is prevented by the 
use of a flexible paper diaphragm shown at b. In prac- 
tice, the operation of this apparatus was very steady, 
showing no tendency to admit fuel in “slugs.” The last 
portion of the distillate collected after the equilibrium 
temperature had been reached gave almost identically 


*See Physikalische-Chemische, Tabellen, 1920 edition. 
5See Properties of Saturated and Superheated Steam, by L. S 


Marks and H. M. Davis, 1909. 
Boiling Point, deg fahr. 
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Fic. 3—RELATION BETWEEN THE MOLECULAR W®BIGHT AND THE 
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PREPARING EQUILIBRIUM SOLUTIONS AT THI 
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WITH A SPECIAL FORM 


the same distillation-curve as the original fuel, provided 
care was taken to condense the vapors completely. The 
use of the two-necked flask was resorted to to avoid the 
fractionating effect of the incoming cold fuel on the hot 
vapors, and also to simplify the construction of the 
apparatus. 

A second apparatus also has been devised, as shown 
at the left in Fig. 2. In this scheme also the two-necked 
flask is again used, coupled with the condenser used in 
the standard distillation-test. The rate of feed of fresh 
fuel is controlled by the manually operated stopcock, c. 
It has been found that this arrangement requires the 
attention of the operator but once in every 10 to 15 min. 
The use of the oil heating-bath has been discontinued in 
both cases, as a properly shielded direct gas-flame gives 
much steadier operation and less bumping. 

Most of the equilibrium solutions used in the follow- 
ing measurements were prepared in this latter type of 
apparatus and, in each case, the last sample of distillate 
was found to correspond very accurately with the origi- 
nal fuel. It also has been found unnecessary to distill 
off more than twice the volume of the liquid in the flask 
after a constant temperature has been reached. Indeed, 
samples of the distillate collected but a few minutes after 
the equilibrium temperature had been attained agreed 
very closely in composition with that of the original fuel. 


VAPOR-PRESSURE MEASUREMENT 


Only one important modification has been made in the 
apparatus employed in the measurement of vapor-pres- 
sures. This consists in the employment of a specially 
constructed capillary vacuum stopcock, d, at the top of the 
vapor-pressure bulb; the bulb, as used at present, being 
shown at the right in Fig. 2. To make sure that this ap- 
paratus was giving reliable results, vapor-pressure deter- 
minations of several pure compounds were made; namely, 
benzol, water and absolute ethyl alcohol. These deter- 
minations were found to agree within 1.0 deg. cent. 
(1.8 deg. fahr.) with the data given in Landolt-Bérn- 
stein‘ and in Marks’ and Davis’ steam tables’. An addi- 
tional check on the accuracy of the vapor-pressure meas- 
urements is afforded by the fact that the curves pass 
through the point of equilibrium temperature at a pres- 
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sure of 760 mm. (29.92 in.) of mercury. 520; oT —-->-- SS —— 608 
A rather serious difficulty lies in the presence of com- 
paratively large amounts of air dissolved in the liquid 280+ 536 
hydrocarbons. A rather novel method of correcting for 
this error has been devised by H. T. Tizard and A. G. 240 464 
Marshall. It is described in their recent report on the + r 
Measurement of Vapor-Pressures of Hydrocarbon Fuels*®. © | HIGH-END 399 
However, their method is rather tedious in its manipu- g ‘£ 
lation, and the authors have found that, by cooling the *& FRACTIONATED .. a i 
vapor-pressure bulb to about 20 deg. below zero cent. e ‘B’ GASOLINE ; a - 
(4 deg. below zero fahr.) by using ice and calcium = OCONY e 
chloride, and evacuating to a pressure of about 1 mm. "GASOLINE {88 5 
(0.039 in.) of mercury with constant agitation of the “RED CROWN GASOLINE 
apparatus, practically all of the dissolved air can be ex- T T T ne 
pelled from the liquid with an entirely negligible loss 
of the volatile constituents of the gasoline. The last 104 
traces are then swept out by allowing the temperature to ‘ | 
rise until a very small amount of the liquid has been “0 2 40 60 80 100 99496080109 
boiled off under low pressure. Distillation, per cent 0 Distillation, per cent 
The foregoing method gives results of sufficient ac- pv td : , 
: Fic. 5—DISTILLATION CURVES OF THE 14 FuELS TESTED 
curacy for ordinary work. It is not to be recommended, 
Average Boiling Point,deg fahr A chart has been constructed for convenience in use, 


in 8 4 230 G02 388 482 shown in Fig. 4, in which the partial pressures of fuels 


in various mixtures have been plotted against their 
average boiling-points. 


FUELS INVESTIGATED 


As stated, the present paper embraces 14 fuels, in- 
cluding two of those covered by the original article. 
The results previously reported on the first fuel that 
was run, Socony kerosene, have been found erroneous, 
apparently due to failure to remove all the air from the 
flask or to leakage through the ordinary stopcock used 
at that time. The work on this fuel has accordingly been 
repeated, although, unfortunately, not enough of the 
| original sample was at hand. The new sample that was 

50 70 90 110 30 — = procured, while corresponding closely, was not identical 

\usan Cilinn Piatdene ~ with the original fuel. The results on this second sam- 
, ke ple are recorded under the heading “Socony Kerosene, 
PARSON Oe RCE Can Oe eT NEEN THE YanTt4t Second Sample.” The distillation curves of the 14 fuels 

BOILING-POINTS are given in Fig. 5, and the fuels themselves may be 
identified as follows: 
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however, for work where the vapor-pressures are small, 
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say below 10 mm. (0.394 in.) of mercury. (1) Socony Kerosene—A domestic kerosene marketed 


AVERAGE MOLECULAR-WEIGHT DETERMINATION in New England by the Standard Oil Co. of New 
he Nine eae ‘ Sd ae : York; procured in a service-station in Boston 
The method used by the authors in determining the 


approximate average molecular weights of the fuels for 30 %—— 5 16 






















use in calculating partial pressures is explained fully 
in their previous article. The accompanying curve, _\0 2— Q 
Fig. 3, is used for determining the molecular weights § ; £ 
corresponding to the average boiling-points obtained  $4%j94 04'S 
from the differential distillation-curves. The authors £& %& > 
hope to replace this by a direct determination of mole- © y£jsg £ 
cular weight, although the errors introduced by the above E x 5 
easy, though approximate, method do not affect the con- ‘'- sore nif 
densation temperature by more than 2.0 deg. cent. (3.6 + 5 £ 
deg. fahr.). 8 30 8 ot 5 
PARTIAL-PRESSURE CALCULATION 5 §& | & 
The partial pressures of the various fuels in mixtures - 025 ae 
with air were calculated after the following method for ” 5s 
gasoline with an average molecular weight of 114 in a -10 
12 to 1 mixture at a pressure of 1 atmosphere. 
Partial pressure = 1/114 ~ (1/114 + 12/29) & 760 mm. x ay 
(29.92 in.) 15.9 mm. (0.626 in.) 
“ar Journal of the Institution of Petroleum Technologists, vol. 8, Fic. 6—CuRVES SHOWING HoW THE INITIAL-CONDENSATION TEM- 
No. 31, p. 217 PERATURES OF THE DIFFERENT FUELS VARY WITH CHANGES IN THE 


™See THE JOURNAL, November, 1921, p. 313 TOTAL PRESSURE 
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(2) Perfection Kerosene—A domestic kerosene mar- 
keted in the Middle West by the Standard Oil Co. 
of Indiana; sample supplied in 1921 by the Wau- 
kesha Motor Co. 

High-Boiling Kerosene—A sample of domestic 
kerosene procured at the Bureau of Standards, 
City of Washington; origin unknown 

Socony Gasoline—A motor gasoline marketed in 
New England by the Standard Oil Company of 
New York in 1921, and procured from a service- 
station in Boston 

(5) Red Crown Gasoline—A motor gasoline marketed 
in the Middle West by the Standard Oil Co. of 
Indiana; sample supplied in 1921 by the Wau- 
kesha Motor Co. 

“High-End-Point” Gasoline—Socony gasoline to 
which was added 25 per cent of the first 50-per 
cent cut from distilling Socony kerosene 

to (10) Four Fuels of Varying Volatility :—Sam- 
ples of fuels used for road tests carried on at 
the Bureau of Standards, City of Washington, 
under the cooperative fuel research program 


Ww) 


(6) 
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emperature, deg. fahr (11) “Special-Blend” Gasoline— An artificial blend 


prepared in the laboratory to have a wider dis- 
tillation range, but the same average boiling- 
point, as fuel C in test No. 9 

(12) Fractionated Gasoline—A product obtained by 
distilling fuel B in test No. 8 through a fraction- 


TABLE 1—DEW-POINTS FOR A 12 TO 1 MIXTURE 
Average Maximum 
; Deviation Deviation 
Plotted Against — 
Distillation Points, Deg. Deg. Deg. Deg. 
Per Cent Cent. Fahr. Cent. Fahr. 
50 8.5 15.3 19.0 34.2 
70 ae7h 6S 1 B.0 27.0 
80 3.1 5.6 | 10.0 | 18.0 
85 2.9 a.2 8.0 14.4 
90 +. 0 4.2 8.0 14.4 
95 4.0 7.2 10.0 18.0 
Dry Point Sua +.3 7.7 13.0 23.4 
Equilibrium Tempera-| 
AEG Caen i 3.0 5.4 10.0 18.0 
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ating column, and retaining that portion coming 
over between 100 and 200 deg. cent. (212 and 
392 deg. fahr.) 

(13) Domestic-Grade Aviation-Gasoline—A sample ob- 
tained early in 1922 from McCook Field, Dayton, 
Ohio 

(14) High-Volatility Aviation-Gasoline—A sample of 


a special aviation gasoline obtained at the Bureau 
of Standards, City of Washington 


RESULTS OF EXPERIMENTS 


The results of the tests on the above fuels are pre- 


sented in graphic and tabular form and are, for the most 
part, self-explanatory. 

the initial-condensation temperatures of various 
fuels with different total pressures. Two curves are 
shown for each fuel, the upper one representing a 12 to 1 
mixture and the lower one a 15 to 1 mixture. Similarly, 
Fig. 7 gives the approximate temperatures of partial 
condensation for the different fuels at atmospheric pres- 
the true condensation-temperature for paraffin hydro- 


sure. As in the preceding case, the upper line represents 
the 12 to 1 mixture. 


the 


It was pointed out in the previous paper’ by the authors 
that, for the three fuels tested, the average boiling-point 
of the equilibrium solution approximated that of the 85- 
per cent point of the original fuel. It also appeared 
that by subtracting 135 deg. cent. (275 deg. fahr.) from 
the 85-per cent point, it would be possible to approximate 
carbon fuels. While such a rule could not be expected to 
hold with great precision for fuels of widely different 
boiling-point or width of cut, its convenience for many 
practical purposes was so great that one of the main 
objects of the work on the 14 fuels was to determine 
whether any such generalization could be drawn for a 
wider variety of motor-fuels. With this end in view, 
the dew-points of the various fue!s were plotted against 
several points taken from the distillation curves, namely, 
the 50, 70, 80, 85, 90 and 95-per cent and dry points, and 
also against the equilibrium temperatures observed in 
preparing the equilibrium solution. The 
shown in Table 1. 

It was found that, in general, the relationship between 
the dew-points of the various fuels and any of the above 
points on their distillation curves could be approximated 
roughly by a representative straight line, but that the 
average deviation of individual observations was very 
large in the case of the 50-per cent or end-points, while 
plotting against the 85-per cent points gave the most 
concordant results, the average deviation being only 2.9 
deg. cent. (5.2 deg. fahr.). In Table 1 are given the aver- 


"See THE JOURNAL, 


results are 


November, 1921, p. 3 


13 


Fig. 6 shows the variation of 


age and the maximum temperature deviations when the 
dew-points are plotted against the various distillation 
temperatures. In Fig. 8 are shown the initial-condensa- 
tion temperatures for 12 to 1 mixtures plotted against the 
85-per cent points and the equilibrium temperatures in 
degrees centigrade. The horizontal lines joining pairs of 
points indicate the differences in temperature between 
the 85-per cent points and the equilibrium temperatures, 
Four points are also added to represent the calculated 
dew-points of four pure paraffin hydrocarbons, and the 
approximate agreement of even these “‘perfectly fraction- 
ated” fuels indicates the fundamental validity of the re- 
lationship found for the various commercial fuels. 

It will also be noted that, while the rule of subtracting 
135 deg. cent. (275 deg. fahr.) from the 85-per cent 
point is approximately correct for the average motor- 
fuel, it varies consistently between 160 deg. cent. (320 
deg. fahr.) for high-boiling kerosenes to 110 deg. cent. 
(239 deg. fahr.) for very volatile aviation-gasoline, 
The simplest method of determining the correct value 
is, however, to determine the 85-cent point of the fuel 
and then refer to Fig. 9. 

Rather surprisingly, the accuracy with which the dew- 
point may be determined from the 85-per cent point of 
the ordinary distillation curve, appears to be fully as 
good as when it is found by determining the equilibrium 
boiling point by the recommended In 


method. other 
words, it is apparently 


not worth while to prepare the 
equilibrium solution unless it is to be used for accurate 
vapor-pressure measurements as described by the authors. 
The determination of the equilibrium boiling point is, 
however, a simple matter, and the value for the dew- 
point found by referring to the upper line in Fig. 8 is 
a valuable check on that determined from the 85-per cent 
point by referring to the lower line in the same illus- 
tration. The average of the two should be correct within 
2 or 8 deg. cent. (3.6 or 5.4 deg. fahr.). 

One important corollary of the relationship between the 
85-per cent point and the dew-point is that, in increas- 
ing the yield of motor-fuel by a closer fractiona- 
tion of the crude, if a fractionated fuel is to have the 
same effective volatility as another fuel made by sample 
distillation, it should be made to have the same 85-per 
cent point, and hence a lower end-point, rather than try- 
ing to crowd in everything possible below the same end- 
point. This fact is, of course, tacitly recognized by the 
increasing emphasis on the 90-per cent point in motor- 
fuel specifications. This is practically as good as an 
85-per cent point specification, and certainly far better 
than the over-emphasized end-point. 


The results of all the experimental work to date have 
been summarized in Table 2. 
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TRANSACTIONS, PART II OF VOL. 16 (1921). 


» Those Who Paid Dues for the Last Half of the Fiscal Year 


Beginning Oct. 1, 1920: 


Part Il of Vol. 16 (1921) and the two Parts of Vol. 17 (1922) will be sent, without charge in 


addition to payment of respective dues, to members on request, if request is received by the Society 


within 60 days from date of notice to order. 


p! Int 


SOCIETY OI 


29 West 3 ith Street 


New 


This is a notice to order Part II of 1921 Transactions. 


lhe printing order will be based on the number of copies ordered by the members. 


Copies cannot be guaranteed to members who do not order them on or before 


May 10, 1923 


lf you want a copy of Part Il of the 1921 


Transactions please tear out and mail the coupon 
ed below promptly. 


F AUTOMOTIVE ENGINEERS, INC. 


York City 


lease enter my order for a copy of Transactions Vol. 16. Part II (1921). 
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Research Foundation for the Kconomic 
Theory of Highway Improvement 


By W. WK. Hart! 


T the meeting of the Society of Automotive Engi- 
neers at West Baden, Ind., a joint committee of 
automotive and highway engineers was author- 
ized to study the mutual relations of the vehicle and the 
road. Since that time the need for scientifically deter- 
mined data has been growing, not only as a basis for 
mechanical relations, but as a guide to wise legislation. 

Men seem unanimously in favor of research in general, 
and any proposal for attack upon the outstanding prob- 
lems through research methods is received with approval. 
However, to organize the proposed research, to secure the 
resources for its prosecution and to find available men 
for the actual operations is not so easy. 

But lying back of even these preliminaries is a common 
understanding of the objectives of such research and a 
mutually agreed upon allocation of the fields of operation. 
There is an inertia to human mentality, and such com- 
mon understanding and purpose apparently requires 
growth in time. Happily, the automotive and the high- 
way engineers have joined together for the purpose of 
fruitful research. At a meeting in New York City not 
long ago, attended by representatives of the automotive 
engineers, the highway engineers, and the motor-vehicle 
builders, an understanding was reached on the following 
outline of necessary research which was designated as a 
program upon which efforts would be concentrated. 
Activities in this program are not academic, but vital to 
the treatment of grave questions now pressing upon the 
public mind. 


RESEARCH FOR THE AUTOMOTIVE ENGINEER 


By laboratory tests to determine 

(1) Fuel, oil and grease consumption and power 
development of the vehicle, and from these 
to calculate the performance on various sur- 
faces and grades and the excess power for 
moving trailers. (See Bulletin of Michigan 
State Highway Department on Experiments 
by Prof. W. E. Lay.) 

(2) To study the effect of improved grades on 
the design of the powerplant of the vehicle 

(3) To consider the design of the vehicle to im- 
pose on the road the minimum loads for spec- 
ified capacities of vehicle 

(4) To study the lighting system of automobiles 
with a view to safety and the mechanisms 
indicating intentions of the driver 


RESEARCH FOR THE HIGHWAY ENGINEERS 


(1) To find rolling and air resistance of motor vehicles 
at various loadings and speeds on types of road 
surfaces and curves; limit of adhesion 

(2) To determine the loads imposed on road surfaces 
by various vehicles, with various tire equipment 
at various speeds 

(3) To discover the stresses and strains acting in 
various road surfacings under the expected loads 
and the properties and improvements of subsoils 

(4) To determine the capital and maintenance costs 
resident in the road 


1 Director of the advisory board on highway research, National 
Research Council, City of Washington. 
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(5) To determine the laws governing the increase of 
highway traffic by basic surveys of flow of traffic 
in typical regions 


RESEARCH FOR NATIONAL AUTOMOTIVE CHAMBER OF COM- 
MERCE AND AUTOMOBILE ASSOCIATIONS 


(1) To assign schedule cards to a selected group of, 
say, 200 passenger drivers for each condition, to 
obtain operating expenses on the average for 

(a) Three classes of car 

(b) Regional conditions 
Macadam and gravel roads 
Dirt roads 
Paved roads 

(c) Topography 
Level 
Hilly 

(2) To study records of truck and passenger bus fleets 

to obtain similar data 


LOCATING HIGHWAY ENGINEER 


Given the road resistance, the power available at the 
wheels, the speeds, the fuel, oil and grease con- 
sumption, the tires, the repairs, the driver’s time, 
the depreciation, the overhead, and the expected 
traffic 

To find the relation between the capital costs of the 
construction and operating expenses on roads of 
various surfaces and grades, length and rate 


FEDERAL AGENCIES 


(1) To study the movements of commodities and pas- 
sengers by the highway and the railroads in the 
interest of coordination of transport 

(2) To study the financing of highway improvements 
in the light of experience and science in related 
fields of the financing of public improvements 

(3) To study the effect of highway improvemets on 
regional industries 

(4) To study the effect of highway improvements upon 
the general productivity of men and industries 


ADVISORY BOARD ON HIGHWAY RESEARCH 


To evaluate the progress in the several fields of high- 
way research by an analysis of completed and 
current projects; to outline needed researches; to 
assist existing organizations to correlate their 
work in the light of a comprehensive program; 
and to publish bulletins of information on methods 
and technique of research, and on progress in the 
several fields 

It will be noticed that in this program the usual ex- 

periments on road resistance have been definitely divided 
as between the automotive and the highway engineer. 
This proposal is the result of a gathering held at the 
National Research Council in the City of Washington on 
July 14, 1922, at which the following report was adopted: 


TRACTIVE RESISTANCE OF MOTOR VEHICLES 


Rolling-Resistance is the resistance to translation 
arising from the interaction of the road and the ve- 
hicle, but excluding the resistances in the engine and 
transmission system. 
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Explanatory Note.— As ordinarily measured, 
this includes wheel-bearing resistance, which in 
the case of well-conditioned cars should not ex- 
ceed 5 lb. per ton. Rolling-resistance by the 
definition also includes the resistance in the 
framework and spring-suspension system of the 
vehicle arising from the road. Rolling-resistance 
as measured contains various degrees of impact 
and road displacement effects depending upon 
the condition of the road and the design of the 
vehicle. The resistance due to the horizontal 
curvature of the road should be measured in the 
experiments. 

Note.—lIt is the purpose of the tests of rolling- 
resistance to determine the force at the rear axle 
or the tire periphery necessary to move the ve- 
hicle, as conditioned by the road surface, the type 
of road, the tire equipment, the class and the 
weight of the vehicle, etc. 


Air-Resistance is the resistance arising from the 
relative velocity of the air and the vehicle. 


Explanation.—Ordinarily this resistance is in- 
cluded in the tested resistance, and should be sub- 
tracted to obtain the rolling-resistance. Investi- 
gations are needed to determine the law and the 
coefficient of this resistance for various vehicles. 


Rolling and air-resistances are those resistances de- 
termined when a vehicle is towed with the power trans- 
mission mechanism disconnected from the driving- 
wheels. However, the difference between a self-oper- 
ated and a towed vehicle in respect to tire losses and 
slipping may make some difference in results, especially 
at high speeds. 


Note.—Having the rolling and the air-resist- 
ance, it becomes the function of the automotive 
engineer to design an efficient vehicle to furnish 
power for economical transportation over various 
alignments. 


Transmission-System Resistance is the force re- 
quired at the rear axle or the tire periphery to over- 
come all internal resistance from the clutch to the rear 
axle. 

The transmission-system resistance depends upon the 
gear-ratio in mesh and the power transmitted, as well 
as upon other conditions, such as the speed, the tem- 
perature of the lubricant, etc. These losses are best 
determined in the laboratory. 

Engine Resistance is the force required at the rear 
axle or the tire periphery to overcome the resistance 
of the engine, including the cooling system, fan and 
accessories. 

Engine resistance depends upon the operation of 
the engine as regards the throttle opening, the speed, 
the temperature and the mechanical condition of the 
engine. These resistances are best determined in the 
laboratory. 

Equipment and Instruments.—Rolling and air-resist- 
ance should be measured for basic types of motor ve- 
hicle and of tractor. For purposes of comparison of 
the economy of types of road, expressed in fuel-con- 
sumption, the time of translation and other costs of 
maintenance of the vehicle and the road, the rolling- 
resistance should be measured to an accuracy within 
5 per cent. 

The present state of the art indicates that at low 
speeds up to 10 m. p. h. a traction dynamometer of the 
liquid-pressure type, or a space-time recorder, is con- 
sidered best fitted. At higher speeds, a space-time re- 
corder, or a U-tube accelerometer, is most satisfactory. 
New instruments should be investigated, especially the 
torsion dynamometer. 

Tests should be made of the adhesion of the tires 
to the road surfaces under running conditions to deter- 
mine safety against skidding under various conditions 


of brake and tire equipment and road. The use of an 
accelerometer with locking of brakes is recommended. 


Relation of the Automotive to the Highway Engineer 


The automotive engineer needs data on the rolling 
and air-resistances rather than data on the gasoline 
consumption from road tests, since the latter depend 
upon the individual characteristics of the vehicle used, 
the carbureter, the habits of the driver, etc. Having 
the power factors, the automotive engineer will design 
the plant to furnish the power required. 

From the standpoint of the highway engineer, a 
problem like the following is set: 

A reduction in the grade of 4 ft. will reduce 

the amount of energy required by 8,000 ft-lb. 

What will this be worth in the saving of gaso- 

line and the other operating expense for the traf- 

fic considered? Will the solution be for cars as 

at present built, or for cars using the roads 15 

years from now? The mutual relation of the 

highway and the vehicle is expressed in the ef- 

fect of low grades on changes in the engine de- 

sign and the power requirements of the car. 

Inasmuch as the large expense of highway trans- 

portation is in the expense of operation of trans- 

portation rather than in the fixed charges and 

the maintenance of the road, the investigation of 

the costs of operation of traffic is particularly 

needed. 

The fuel cost and time required, as affected by the 
type and the design of the surfaces and the grades, are 
measurable by experimental methods, and the depre- 
ciation of the vehicle and the other maintenance costs 
should be evaluated from a study of the statistics of 
motor vehicles obtained in actual operation. 

In other words, it is considered practicable to deter- 
mine the road performance of the vehicle from tests 
made in the laboratory combined with data on the rolling 
and the air-resistance. It appears that the available data 
from the several investigations of rolling-resistance will 
define the limits of this resistance for the various classes 
of road with a sufficient degree of accuracy for the pur- 
pose in view. 

The subjects listed in (2) and (3) under the heading 
Research for the Automotive Engineer will no doubt 
suggest that there will be opportunity for productive 
research in these fields for some time to come. A study 
of the lighting systems of automobiles, mentioned in (4), 
cannot be delayed if current legislation is to be based 
upon physics rather than on ideas. 

The highway engineers have planned to carry out 
item (2) in their section of the program in the early 
summer months. It is the opinion of some that data on 
item (3) have accumulated to such an extent that the 
services of the analyst are needed more than further ex- 
periments of large magnitude. Data of maintenance 
costs, item (4), are largely wanting. With reference 
to (5) the laws governing the increase of highway traf- 
fic should be known for a wise planning of road de- 
velopment. The only study of outstanding quality and 
quantity is that by Dean A. N. Johnson, of the University 
of Maryland, covering the development of traffic in Mary- 
land. 

I understand that the American Automobile Associa- 
tion is cooperating with the committee on the economic 
theory of highway improvement of the National Re- 
search Council in an endeavor to obtain average values 
of the-operating expense of passenger cars. 

The remaining sections of the program of research 
contain titles that define general research of a more 
difficult character, but the outcome of which would be 
basic in highway development. 
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Military-Airplane Development and 
Construction in Peacetime 


By F. H. Russe! 





HE reconstruction period since the war has served 

to establish aviation as an essential arm of both 
the military and the naval forces of the Government. 
This in itself is a real accomplishment. But for sev- 
eral reasons the airplane industry has not performed 
the service that was expected of it and has not re- 
ceived the support that is necessary for its existence. 
Although the expense is great, the development of 
aviation through the facilities at McCook Field and at 
the Naval Aircraft Factory has been hampered by 
red-tape and by the fact that the personnel of the 
Government agencies are at the same time the judges 
of new developments and the competitors of the engi- 
neers in the industry. The result is a feeling of reti- 
cence among civilian engineers with regard to dis- 
closing and developing new ideas, the retarding of the 
advancement of service types, and slow deliveries. Al- 
though several companies at the close of the war were 
well equipped to produce airplanes cheaply and effi- 
ciently, these gradually have been driven out of exis- 
tence and their places have been taken by smaller or- 
ganizations that depend solely on casual orders which 
return small profits. 

Competitive bidding has resulted in delay to the 
Government and loss to the manufacturer; in some 
instances bids have been asked on machines that had 
not been sufficiently developed to allow the Govern- 
ment to furnish blueprints, design data or a bill of 
material. The safety of the Nation is predicated on a 
dependable source of supply of equipment, especially 
aircraft. An important function of the Government, 
therefore, is to see that the engineering and production 
data are complete, uptodate and practical. This is 
not usually the case, the contractor being depended 
upon to complete and correct the data; and an unfore- 
seen loss of time and money has been entailed. Early 
development of the art of aviation was due to the genius 
of a few men, but the development of the future will 
be by organization, with specialists in every line; the 
production of the world’s fastest airplane at the races 
in Detroit is a case in point. Confusion has arisen 
through the custom of ordering new types in small 
quantities and of depending on competitive bidding for 
the further supply, on the assumption that when once 
completed the article was “commercial” and not pro- 
prietary. 

The suggestion is made that the experimental work 
and the subsequent developments be confined to the 
same organization, with provision for production in 
large quantities in time of war. The Government’s 
problem should be the selecting of airplanes for train- 
ing and operating, and the guiding of the industry in 
developing such designs. Engineering and production 
should go hand-in-hand. Government subsidies, such as 
are customary in other countries, are not needed yet 
but preduction must be encouraged through the supply 
of Government equipment. Particular types of air- 
plane should be considered proprietary, but the Govern- 
ment should be free to purchase any design at any 
time in any stage of advancement and place it by 
competition or assignment with recognized units in the 
industry. 

Cross-licensing, originated as a war concession by 


1 Vice-President, Curtiss Aeroplane & Motor Corporation, 


suffalo. 
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patent owners, has had the effect of causing some per- 
sons to feel that any airplane should be purchased by 
open competitive bidding. But this agreement did not 
contemplate encouraging one manufacturer to use an- 
other’s design or standardizing construction so that it 
could be used by all. Competitive bidding should be 
used only when a producer has been found incompe- 
tent or unwilling to furnish his product at a reason- 
able price under reasonable conditions. Considering 
each type of airplane as proprietary would make for 
permanence of business, encourage small companies to 
increase their facilities and guarantee to the Govern- 
ment a source of supply in time of peace and the dis- 
tribution of data and personnel in time of national need. 


It may seem somewhat trite to suggest that in time of 
peace we should prepare for war. The possibility re- 
mains, however, that amid the pressing detail of indi- 
vidual problems we may lose sight of the necessity for 
maintaining a healthy aeronautic industry. A> review, 
thereiore, of the situation, as it appears at the beginning 
of 1923, may prove of value and awake an interest among 
those intimately connected with this problem so that our 
usefulness shall be increased. 

During the four years that have elapsed since the war, 
aviation has established itself as an essential arm of both 
our military and naval forces. The experiments and 
operations carried on by the Air Service of the Army and 
the Bureau of Aeronautics of the Navy Department are 
entirely responsible for the important place that aircraft 
occupies in the military plans of our General Staff and 
the General Board. This in itself is a very real accom- 
plishment. 

It is felt, however, that during this constructive period 
the airplane industry has not performed the service that 
was to be expected of it; nor has it received the support 
essential to its very existence. Considerable effort has 
been expended by both services in endeavoring to estab- 
lish a system by which new types of aircraft might be 
developed and a method by which their supply for current 
requirements might be secured. Government purchases 
must be made in accordance with the provisions of the 
appropriation acts, together with existing regulations, 
but these, although satisfactory for the procurement of 
commercial articles, do not lend themselves easily to the 
engineering problems of new development and small pro- 
duction. 

The Air Service has attempted to solve the problem of 
development through the maintenance and the increase of 
facilities in its engineering division at McCook Field, and 
the Bureau of Aeronautics for the Navy has maintained 
the Naval Aircraft Factory at Philadelphia, not only for 
repairing existing equipment, but for constructing small 
quantities of experimental types. The cost of maintain- 
ing these two organizations has well-nigh exceeded the 
entire expenditure for aeronautical equipment in the air- 
craft industry since the war. 

The actual development and construction of aircraft by 
these agencies places the Government in a position in 
which its personnel not only are the judges and experts 
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MILITARY-AIRPLANE DEVELOPMENT AND CONSTRUCTION 


of new development, but are themselves competitors of 
the engineers in the industry. While the individual 
officers have, it is believed, cooperated with the industrial 
units to the best of their ability, the fact, nevertheless, 
remains that among civiian engineers a feeling of reti- 
cence exists in the matter of disclosing and developing 
new ideas, which discourages the free intercourse that 
should exist between the user and the designer. 


OLD DESIGNS AND SLOW DELIVERY 


The development of new types by the industry, under 
the present restrictions, which have seemed necessary 
when dealing with many of the factories not properly 
manned and equipped, has been unreasonably slow and 
has retarded the advancement of service types in both 
the Army and the Navy. The Army is now receiving 
deliveries of a pursuit airplane for service use that was 
exhibited originally in the Aeronautical Show in 1919! 

Investigation indicates that, of 117 ships delivered to 
the Navy during the fiscal year ended June 30, 1922, 52 
emanated from the Government factory at Philadeiphia, 
17 from foreign sources and but 37 from the entire 
American aircraft industry. 

A review of the designing and manufacturing units in 
the industry at this time will disclose even more clearly 
the seriousness of this situation. At the close of the war 
several well-organized companies were producing air- 
planes cheaply and efficiently. It would be supposed that 
with the reduced requirements of the Government we 
might have relied on the principle of the survival of the 
fittest to maintain and support the organizations best 
equipped to carry on the supplying of aircraft material. 
This, however, has not been the case. Among the larger 
companies the results of operating have been expressed 
from year to year by red figures in their balance sheets, 
and have driven and are today driving out of the business 
well-established, well-manned and well-financed factories, 
leaving in their places an increasing number of smaller 
units devoted particularly to developing whatever engi- 
neering order may be secured from time to time, with 
little regard to the permanency of their existence. The 
small engineering development orders given by the Gov- 
ernment to such organizations generally have produced 
small profits. The further production, however, under 
competitive bidding by the larger units, of the machines 
thus developed, has resulted in delays to the Government 
and in serious losses in almost every case to the manu- 
facturer. So-called production orders for from 25 to 50 
machines have been offered to the industry from time to 
time by the Government for competitive bidding, when 
the machine itself was not sufficiently developed even to 
allow the Government to furnish blueprints, design data 
and bills of material that it could guarantee as correct. 
In a recent competition complete production drawings did 
not exist and there was no physical sample of the airplane 
available for the prospective bidders to study in making 
their estimates. Competitive bidding on airplane con- 
tracts has degenerated into a reckless gamble among 
desperate producers, who are willing to take any chance 
to obtain a contract and keep operating, and rely either 
on the mercy of the Government or on the appearance of 
an enthusiast in the réle of a fairy godmother to meet the 
financial loss when it arrives. This explains why, in the 
instance above referred to, the bids of about a dozen 
producers ranged from less than $500,000 to nearly 
$1,250,000. This is not competition; it is nothing but 
industrial suicide. A continuance of this way of dis- 
tributing business will destroy the industry. 

The plans of our military forces on which the safety of 


the Nation depends in time of war must be predicated on 
a dependable source of supply of the equipment to be 
used. This is especially true in the matter of aircraft, 
which at present has no market worth considering except 
that of supplying the Government. It devolves, therefore, 
upon the Government to see that every dollar spent for 
construction is used to maintain the industry and render 
it capable of expanding. 

There was a period in the development of the art when 
its advance was due directly to the individual genius of 
various men whose names may well be recorded as 
pioneers. It is believed that their work has been largely 
accomplished, and that the future development of the 
flying machine, for military or commercial purposes, will 
be brought about through the unceasing efforts of groups 
of engineers, each a specialist in his line, cooperating in 
one commercial organization for the production of the 
type desired. The results of the 1922 speed races at 
Detroit are an example. In this competition an oppor- 
tunity was given to design and construct machines of 
various types under both methods of development. The 
wor.d’s fastest airplane was not the product of a single 
genius, but rather the result of the properly directed 
efforts of assistant engineers, each of whom was an expert 
in some branch, such as aerodynamics, power, radiation 
and strength of materials. In the design and construc- 
tion of this airplane the Air Service made an exception 
to its general custom of requiring submission and ap- 
proval of each individual detail, and insisted only that 
the strength factors be maintained and that the guaran- 
teed speed be delivered in a practical airworthy machine. 
The result was that the engineers, having a free hand and 
a real responsibility, rose to the task, and the machines 
were designed and built in 90 days, whereas under ordi- 
nary service regulations more than a year wou'd have 
been required to complete them. 

Through the effort to maintain the industry there has 
arisen a confusion of ideas with reference to the creation 
of a type and the production of it in small quantities 
under so-called production contracts. The custom of or- 
dering new types from a creative organization in quanti- 
ties of one, two or three, or even ten or twenty, and then 
depending upon open competitive bidding for further 
supply on the assumption that the engineering problem 
had been completed and that the article was “commercial” 
and not proprietary, has failed to furnish the Government 
with airplanes promptly and to sustain the manufacturer. 

It is believed that the design of a new type and its 
subsequent development shou!d be placed with one or- 
ganization, which, having created the experimental ar- 
ticle, should be expected to supply it in such quantities as 
might be required for peacetime operation. The neces- 
sity for reproducing it in large quantities for war use 
must be considered as important a factor in the design 
as is the actual aerodynamical efficiency of the machine 
itself. This requirement has not received the attention it 
deserves by either the Government or the civilian en- 
gineer. 


THE GOVERNMENT’S PEACETIME PROBLEM 


The peacetime problem of the Government engineer 
clearly is, first, the selection of the types of airplane that 
are required for actual military training and operations; 
and, secondly, the guidance and support of the industry 
toward the developing of such designs, having in mind 
constantly that the airplane developed must not only be 
satisfactory for the service desired, but be designed in 
detail so that it will be capable of quantity reproduction. 

Both the Air Services and the units in the industry 
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should thoroughly appreciate that, to be effective in 
service, civilian aircraft organizations must consist not 
only of a capable group of creative engineers, but also of 
men trained and experienced in production manufactur- 
ing; that the physical facilities should include not only 
wind-tunnels and aerodynamic, physical and chemical 
laboratories, but also the latest types of production ma- 
chinery; and, further, that such an organization should 
have sufficient financial resources to sustain it when oper- 
ating as a complete unit. Any separation of engineering 
from production, such as is found in the types of airplane 
developed by small engineering units, or of production 
from inadequate creative engineering, is bound to result 
disastrously. The two must go together, and the Govern- 
ment must establish a policy which, under proprietary 
orders, a company may specialize in the development of 
one design or class of machine, build it continually in 
small quantities and constantly improve it. Such an or- 
ganization should be required at the same time to supply 
standardized blueprints, specifications, bills of material, 
and the like, which, in time of national emergency, could 
be placed at once in the hands of constructors outside the 
industry for quantity production. 

It should not be inferred from these suggestions that 
the business of supplying the United States Government 
with aeronautical material should be centralized among 
any favored few. This, of course, would not only be con- 
trary to our way of doing things, but certainly would 
retard growth. On the other hand, it is believed that the 
aircraft facilities of the Country should be surveyed very 
carefully by the purchasing branches of the Air Services, 
with the idea of ascertaining both what units and how 
many they can support with the funds and projects avail- 
able, and then encourage the units that most nearly meet 
the requirements. 

It must be realized that European countries are ap- 
proaching this problem from another point of view. Eng- 
land, France and many other countries are subsidizing 
commercial aeronautics, and thus are encouraging produc- 
tion, while in this country we have not yet been able to 
get the Congress even to give us a law to regulate air 
navigation. We do not need subsidies yet, but we must 
sustain healthy production units through the supply of 
Government equipment. 

An airplane of a particular type should be considered a 
proprietary article. No one, either within the Govern- 
ment or without, would consider an automobile of any 
one type, such as the Pierce-Arrow, for example, so com- 
mercial as to be procured by competitive bidding on the 
open market. Aeronautical engines are not so considered 
by the Government. To protect itself, the policy of the 
Government is to develop two or more types of engine 
for each service required. The same policy should prevail 
in the supply of airplanes. The suggestion often has been 
made that the allocation of work under types that an 
organization is particularly qualified to supply would 
prevent the Government from using to advantage the 


March, 1923 
THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


genius of individual inventors and engineers. This js 
not the case. The Government should be free to pur- 
chase at any time a design, in whatever stage of com- 
pletion it finds to be advantageous, from anybody, and 
then to place it through competition or by assignment 
with the recognized units in the industry. It should 
not expect to obtain a practical production airplane from 
an individual or from a small organization, but should 
use its efforts at all times to bring individual engineering 
ability into existing civilian organizations, and not en- 
courage the formation of new companies whenever a 
new design is to be considered. 
Cross-LICENSING 

One reason that many persons have come to feel that 
any company could build any airplane, and that the Gov- 
ernment should purchase airplanes only through open 
competitive bidding, as it would any other commercial 
article, is the fact that all of the principal aircraft pat- 
ents are cross-licensed under the Manufacturers Aircraft 
Association, for membership in which any aircraft con- 
tractor to the Government is eligible. This cross-licens- 
ing agreement, originally a war concession by the patent 
owners to the Country, in order that the Government 
might not be restricted in any manner in developing its 
sources of supply, has been of the greatest value to the 
industry in opening practically to all the opportunity to 
use any patented improvement. 

This agreement, however, did not contemplate the 
encouraging of one manufacturer to build from another’s 
specific design, or suggest that the construction of air- 
craft was so standardized as to make any design capable 
of reproduction by all. Non-exclusive patent rights are 
granted to all members, but design rights are subject to 
individual negotiation. 

Competitive bidding on design should be used by the 
Government only in cases where the producer has been 
found incompetent to supply or unwilling to furnish his 
product at a reasonable price under reasonable conditions. 
Each type of aircraft must be considered as proprietary. 
Such a policy would make for permanence of business 
and encourage individual companies to increase, or at 
least to sustain, their present facilities; guarantee to 
the Government a source of supply in time of peace, and 
assure the practical distribution of both manufacturing 
data and skilled personnel among other industries re- 
quisitioned to aircraft production in time of need. 

For four years the industry has cooperated with the 
Government agencies in every possible way, endeavoring 
itself to survive at the same time. The point has now 
been reached where we can see clearly the destructive 
elements in the present Governmental policy, and it is 
the duty of the Government to amend its system so that 
the aircraft industry may be ready at any and all times 
to meet a national emergency. It is hoped that the public 
never again’ will be able to accuse us of unpreparedness, 
inefficiency or incompetency. 


———— 
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A New Interpretation of Exxhaust- 
Gas Analysis 


By E. Hi. 


‘“ASES of combustion may be analyzed conveniently by 
G the standard Orsat apparatus. Its uses are limited, 
however, to cases where the combustion is nearly complete, 
leaving no unburned fuel except small amounts of carbon 
monoxide. Fortunately this condition generally is complied 
with where solid and liquid fuels are used, as in boiler fur- 
naces and internal-combustion engines. In the testing of 
such powerplants, the Orsat apparatus may contribute re- 
sults of much value as regards the efficiency of combustion. 

It will be unnecessary at this time to describe the Orsat 
apparatus, but reference may be made to its general method 
of operation. The first step in the analysis is to draw 
exactly 100 cubic units of the gas into a cylindrical glass 
tube, where volumes can be measured by a scale etched on 
the glass. The gas sample is then passed successively into 
three chambers, where it comes into contact with chemicals 
that absorb the different components of the gas. After each 
absorption the sample is returned to the graduated cylinder, 
where the loss of volume is read in percentage on the scale. 
The components found in this way are carbon dioxide (CO:), 
oxygen (O,) and carbon monoxide (CQO). Finally, their 
sum is subtracted from 100 and the remainder is assumed 
to be nitrogen (N.). A complete flue-gas analysis consists 
of the four items just mentioned, the sum of which is always 
100. The carbon monoxide item is usually small and may 
be zero. The nitrogen item is always large, say, 80 per cent 
vf the total. 

After the completion of the analysis the results must be 
interpreted. This usually is done by elementary chemical 
arithmetic, based on the combining formulas for carbon 
dioxide and monoxide, the atomic weights of the elements, 
and the proportions of oxygen and nitrogen in the air. The 
arithmetical method determines the weight of air used in 
the combustion of the carbon, but fails to reveal the amount 
used by the hydrogen in the fuel. The latter must be deter- 
mined by a supplementary computation based on the amount 
of hydrogen in the fuel. 

The arithmetical computations are fairly simple, but the 
constants are easily forgotten unless used frequently. To 
avoid the drawbacks of the chemical theory, algebraic for- 
mulas have been devised for producing the same results by 
simple substitution of the gas-analysis percentages and for 


solving the equation. The following formulas have been 
widely used for this purpose: 
Air per pound of carbon = 3.03 N. + (CO.:+ CO) (1) 
Dry gas per pound of carbon = { 11 CO:+ 8 O.+ 
7 (N:+ CO) }/3 (CO.+ CO) (2) 


Ratio of the air actually used to the air theoret- 
ically required = N,/{ N: — 3.78(0:— CO/:) } (3) 


Formula (1) is usually credited to Dr. D. S. Jacobus and 
(2) to R. S. Hale. All are deduced in Gebhardt’s Steam 
Power Plant Engineering. They are examples of ingenious 
reasoning, because they take into account the air required 
by the hydrogen in the fuel as well as by the carbon. The 
drawback lies in basing the various quantities on the carbon 
in the fuel, whereas it is much more convenient to use the 
combustible in the fuel. The reason is that the combustible 
is given by the simple proximate analysis, which is the sum 
of the fixed carbon and the volatile matter, while the carbon 


*M.S.A.E.—Assistant professor of mechanical engineering, Yale 
University, New Haven, Conn. 
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is given by the ultimate analysis, which is relatively costly 
and rarely available. 

A modification of the formulas, based on combustible, can 
be easily made. Furthermore, by a logical extension of the 
reasoning, formulas can be derived for the proportions of 
carbon and hydrogen in the fuel, for the water vapor formed 
by combustion, and for the theoretic air required for the 
combustion of the fuel. I offer my formulas for the consid- 
eration of those interested. Before stating the new formulas, 
it will be in order to mention certain limitations that apply 
alike to the old and to the new formulas. First, the for- 
mulas apply only to fuels that contain negligible amounts 
of nitrogen. Fortunately this includes the ordinary forms 
of coal and liquid fuels. Secondly, the sulphur in the fuel 
is also assumed to be negligible in amount. Thirdly, the 
term hydrogen refers to the so-called free hydrogen, H — 
(O/8), or the portion of the hydrogen that requires air for 
its combustion. The derivation of the formulas, which are 
given below, will be omitted here and placed in an appendix, 
as the explanation is rather technical. 


Air per pound of combustible = 
18.3 N2 














0.525 N: +5 CO +4 C0,—20, (4) 
Dry gas per pound of combustible = 
22 CO, + 16 O. + 14 (N; + CO) 
0.525 N. +5 CO +400, —20, (5) 
Theoretical amount of air per pound of combustible = 
18.3 N: + 34.8 CO — 69.6 O. 
0.525 N: + 5 CO +4 CO, —20, (6) 


Percentage of excess air = 
69.6 O. — 34.8 CO 
Lis N. + 34.8 CO — 69.6 0; | ae ae 
Water vapor per pound of combustible = 
4.77 N. — 9 CO — 18 (CO. + 0.) 
0.525 N. + 5 CO +4C0.— 20, 
Percentage of carbon in combustible = 
i 6 (CO. + CO) Le 
[ uss N. +5 CO FCO: | x 100 (9) 
Percentage of hydrogen in combustible — 
0.525 N. — CO — 2 (CO,+ S-] 
0.525 N: +5 CO+4C0,—20,)* 1% (10) 
Ratio of carbon to hydrogen in combustible = 
6 (CO. + CO) . 
0.525 N: — CO — 2 (CO. + O:) 











(8) 














(11) 


The term combustible refers to the sum of the fixed car- 
bon and the volatile combustible matter, as given by. the 
proximate analysis. Or, it may be stated as the total weight 
of fuel less water and ash. In applying the formulas, the 
percentages of CO., O2., CO and N: are inserted for the sym- 
bols and solved in the usual way. 

It will be noted that the new formulas contain information 
not hitherto deduced from the flue-gas analysis, namely: 
water vapor in the gases of combustion and the proportions 
of carbon and hydrogen in the fuel. These items are to be 
regarded as only supplementary to the main object, which is 
to determine the weights of air and of the dry gases, as 
given by formulas (4) to (7). 

Internal evidence of the consistency of the formulas and 
of the gas analysis may be had by summing up the weight 
of the products in two ways: first, 1+ air (4); second, dry 
gas (5) + water vapor (8). The two sums should be the 
same for consistency. A rigid check of the new formulas 
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can be had from the ultimate analysis of the fuel, which 
permits exact computation of the theoretic air and of the 
ratio of hydrogen and carbon. 

In conclusion, two illustrations will be given of the use 
of the formulas in interpreting gas analysis. 


Example 1.—Semi-bituminous coal in a power boiler. 


Flue-gas analysis: CO.—11.8; O0.=7.7; CO=—0.2; 
By 
Formula 

Air per pound of combustible (4) 19.4 lb. 
Dry gases per pound of com- 

bustible (5) 20.0 lb. 
Theoretic air per pound of 

combustible (6) 12.7 lb. 
Excess air used (7) 54.0 per cent 
Water vapor per pound of 

combustible (8) 0.4 lb. 
Carbon in combustible (9) 95.6 per cent 
Hydrogen in combustible (10) 4.4 per cent 
Ratio of carbon to hydrogen (11) 21.8 


Example 2.—Gasoline in a six-cylinder engine (1917). 
Exhaust-gas analysis: CO: = 10.15; 0:=—0.55; CO= 
5.65; N: = 83.65. 


By 
Formula 

Air per pound of combustible (4) 13.65 lb. 
Dry gases per pound of com- 

bustible (5) 13.2 lb. 
Theoretic air per pound of 

combustible (6) 15.1 lb. 
Excess air used (7) —9.5 per cent 
Water vapor per pound of 

combustible (8) 1.4 lb. 
Carbon in combustible (9) 84.6 per cent 


Hydrogen in combustible 


(10) 15.4 per cent 
Ratio of carbon to hydrogen 5.5 


(11) 5.5 


In commenting on these examples it may be stated that 
the ultimate analysis was not available; hence, the propor- 
tions of hydrogen and carbon could not be checked. How- 
ever, using average values from handbooks, satisfactory 
agreement was obtained. The theoretic air by the new for- 
mulas was found to check well with that from the average 
ultimate analysis of the fuel. 

A characteristic difference between the boiler furnace and 
the gasoline engine is shown by the excess-air items, 54.0 
per cent excess in the furnace, and 9.5 per cent deficiency in 
the engine. The latter is properly indicated by a minus 
sign in formula (7). 

The consistency check, based on the weight of the products 
of combustion, is satisfactorily met. 


Example 1.—Air + fuel = 19.40 + 1.00 = 20.40 

Dry gases +- water = 20.00 + 0.40 = 20.40 
Example 2.—Air + fuel = 13.65 + 1.00 = 14.65 

Dry gases + water = 13.20 + 1.40 = 14.60 


From these and many similar applications it has been 
fairly well proved that the formulas can be relied on for 
satisfactory results, provided that the gases have been care- 
fully sampled and analyzed. 


APPENDIX—DERIVATION OF FORMULAS 


These formulas are deduced under certain limitations 
which may be stated as follows: (a) hydrogen in the fuel is 
assumed to be negligible in amount; (b) sulphur in the fuel 
is also assumed to be negligible in amount; (c) hydrogen, 
as used in the formulas, refers to the free hydrogen, H — 
(0/8), or the portion of the hydrogen that requires air for 
its combustion. It is further assumed that the combustion 
is fairly complete, so that no unburned fuel is found in the 
products of combustion, except small amounts of carbon 
monoxide. With these assumptions complied with, the gases 
can be analyzed by the Orsat apparatus, and the results can 
be interpreted by the formulas. 

In the combustion process the carbon and the hydrogen 
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of the fuel unite with the oxygen of the air, yielding products 
that may be designated as follows: 


Carbon dioxide CO, 
Carbon monoxide CO 
Water vapor H.O 
Free oxygen O 
Nitrogen N; 


The percentage volumes of four of these products are de- 
termined by the Orsat apparatus, while one, water vapor, 
escapes without measurement. It is convenient to denote the 
percentage volume by the symbol. Thus, N, denotes not only 
nitrogen, but refers to the percentage of it given by the 
analysis, whenever it is used in a formula. 

The weight of the various products can be expressed in 
terms of the volume by means of the appropriate atomic 
weight numbers. Knowing the weight of oxygen or nitrogen, 
the weight of the air can be found by dividing the oxygen 
by 0.23, or by dividing the nitrogen by 0.77. The atomic- 
weight method fails in the case of hydrogen, because its 
product, water vapor, is not included in the exhaust analysis. 

The weight of hydrogen in the fuel can be arrived at 
indirectly, by equating two expressions for the total weight 


of air. From the nitrogen, 
Weight of air — 28 N.:/0.77 (12) 
From the products CO:, CO, H:0, O:, 
— , 32 CO. ,16CO , 8H: , 320 . 
: Wag a = ~ae tae Gas * Gs (299 
Equating the two expressions and solving for hydrogen, 
H, = 1.05 N. — 4 (CO. + 0. + CO/2) (14) 
The following can be written directly from the atomic 
weights: 
Weight of carbon — 12 (CO.-+ CO) (15) 
Weight of combustible — 
1.05 N.+ 10CO+8CO.—40 (16) 
Weight of dry gases = 
44 CO. + 28 CO + 320.4 28 N (17) 
Air theoretically required = 
12 (CO.+ CO) X 32 , 8H: 
12 X 0.23 ' 0.23 
Inserting H. from (14), 
Weight of air theoretically required 
36.5 N. + 69.6 CO 139.2 O: (18) 


The weight of water vapor is nine times the weight of hydro- 
gen; hence, 
Weight of water vapor = 
9.45 N. — 36 (CO. + O. + CO/2) (19) 
The foregoing weights are all expressed in the same units; 
hence, they are comparable for derivation of formulas, as 
indicated below. In this list the numbers in parentheses 
between the signs of equality refer to the expressions in the 
body of the paper and the appendix. 
Weight of air per pound of carbon 
(12) 3.03N, 
(15) — (CO. -+ CO) (1) 
Dry gas per pound of carbon 
(17) _ 1100.4 80.+ 7 (N.+ CO) 
(15) ~ 3 (CO.+ CO) 
Ratio of the air actually used to the air theoret- 
ically required — 





(12) _ N; 
(18) ~ N,— 3.78 (0: — CO/2) (3) 
Weight of air per pound of combustible - 
(13) 18.3 N2 
(16) ~ 0.525 N, 1-5 CO +-4CO0.— 20. (4) 


Dry gas per pound of combustible = 


(17)  22C0.+ 160.+ 14 (N.+ CO) ‘ 
(16) ~ 0.525 N. +5 CO + 4C0,— 20. (9) 
Theoretical air requirements per pound of com- 
bustible = 
(18) 18.3 N. + 34.8 CO — 69.6 O,; 


(16) 0.525 N. + 5 CO + 4CO.— 20; (9) 
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Per cent of excess air (15) 4 100 BR: 6 (CO: 4 CO) x 100 9) 
(12)—(18)  _——- 69.6 0, — 34.8 CO (16) 0.525 N: + 5 CO + 4CO,— 20, ‘* 
~— (18) ~ 18.3. N,-+ 34.8 CO — 69.6 0. (7) Percentage of hydrogen in combustible — 
0.525 N. — CO — 2 (CO: + O.) 
Water vapor per pound of combustible = sare = ao No mr utr a 100 (10) 
77 N.—9CO —. x0, - +020 Ne t ?_ — 2.5 
(19) me hai. N:- 9 CO — 18 (CO Bs adh! (8) Ratio of carbon to hydrogen in combustible 
(16) 0.525 N.+5CO+ 4CO0O,.—2 0, (15) 6 (CO. + CO) 
Percentage of carbon in combustible (14) ~ 0.525 N; — CO — 2 (CO: + O.) (11) 
Y x > r 
RURAL CREDITS 
emai is a small-unit business. In 1920 the 6,448,343 months, eligible for discount by Federal Reserve Banks. 


farms of this Country contained an average per farm of 
and the average value per farm of all farm 
property, including land, buildings and implements, was 
$12,084. Although the capacity to withstand adversity is 
increased by this multiplicity of units relative to the aggre- 
gate output, some obvious advantages of large producing 
units, characteristic of so much of the Country’s industrial 
production, are not shared in general by the farmers. 

The Joint Commission of Agricultural Inquiry in its re- 
port to Congress in 1921, said: 


148.2 acres, 


If we consider that the farmer could make 5 per cent 
on his total property by investing it elsewhere and that 
only the residue of his income is payment for his efforts, 
the following conclusions follow for the year 1913: 
Had the farmer gone to work as a farm laborer, his 
average labor income would have been $328, instead of 
$444. Had he worked instead in the mining industry 
at the average earnings of the employe in that in- 
dustry, he would have received $755, or about 70 per 
cent more than his actual labor income. The farmer 
in 1918 had an income of $1,278 resulting from his 
labor, risks and management. Had he worked in the 
mining industry for the average earnings of the em- 
ployes in that industry, he would have received a wage 
of $1,280 or almost exactly the amount of his actual 
earnings. Had he worked as an.employe in the rail- 
road or banking field, he would have made materially 
more for his labor than he did on the farm, but he would 
have been worse paid had he received the average earn- 
ings of those employed in factories, in public utilities, 
in Government or in unclassified industries. 


The purpose of the United States Warehouse Act, which 
became a law in 1916, was to establish a form of warehouse 
receipt of cotton, grain, tobacco, wool and flaxseed that might 
make these receipts readily negotiable as delivery orders or 
as collateral for loans. Accordingly, acceptable warehouse- 
men are licensed for the storage of these products. The 
rapid growth in the number of warehouses licensed under the 
Act is evidence of the need for the services which they are 
now rendering. 

Information about conditions in the consuming markets is 
regularly accessible now but generally speaking the sellers 
of farm products that have world markets are not so well in- 
formed about consumption as are the buyers about produc- 
tion. It is the opinion not only of farmers, but of competent 
students of marketing problems, that in the distribution of 
farm products there is an excessive duplication of middlemen, 
with a tendency to depress unduly the prices paid the pro- 
ducers and to raise the costs to the consumers. Doubtless 
much can be done to eliminate unnecessary services in the 
distribution of farm products, and of other commodities as 
well, 

The first practical effect of the discussion of rural credit 
problems in the period between the panic of 1907 and the out- 
break of the World War, in the form of legislation to pro- 
vide new credit facilities for farmers on a national scale, 
came with the passage of the Federal Reserve Act in 1913. 
The law made agricultural paper, that is, notes, drafts and 
bills of exchange, drawn or issued for agricultural purposes 
or based on live stock, with a maturity not exceeding 6 


Other eligible paper was restricted to a maturity not exceed- 
ing 90 days. Thus, the law specifically recognized the differ- 
ence between acceptable maturities for agricultural paper 
on the one hand and industrial and commercial paper on the 
other. The fact that most of the State banks have not be- 
come members of the Federal Reserve System, from choice 
or because of lack of qualification, has greatly restricted the 
proportion of the aggregate agricultural bank loans that may 
be discounted by Federal Reserve Banks. Moreover, the 
range of maturity of eligible agricultural paper is regarded 
in many quarters as too narrow. 

Some light is thrown upon the question of the comparative 
amounts of credit extended to agricultural and to all other 
classes of borrowers by investigations for the Joint Commis- 
sion of Agricultural Inquiry, which indicated that “in general 
the expansion in the agricultural States during the period of 
inflation was at least as great, if not greater, than in the in- 
dustrial States.” It was found also from a study of reports 
of about 9500 member banks that “between May 4, 1920 and 
April 28, 1921, the loans and discounts of banks in agricul- 
tural counties throughout the country declined $36,500,000, 
or slightly more than 1.2 per cent; the loans and discounts of 
banks in semi-agricultural counties declined $18,700,000, or 
1.3 per cent; and the loans and discounts of banks in non- 
agricultural counties declined $827,100,000, or 5.6 per cent. 
The borrowings from the Federal Reserve Banks by banks in 
agricultural counties increased $127,600,000, or 56.6 per cent; 
borrowings by banks in semi-agricultural counties remained 
practically stationary; and borrowings by banks in non- 
agricultural counties declined $629,100,000, or 28.5 per cent.” 

The Federal Farm Loan Act of 1916 provided for the es- 
tablishment of 12 regional Federal Land Banks. Loans run- 
ning for not more than 40 years and not less than 5 years 
are made on the security of first mortgages on farm land 
through national farm-loan associations of 10 or more 
farmers each, or through specified agents. The maximum 
loan to an individual is $10,000, and the maximum interest 
that may be charged on loans is 6 per cent, but in no case is 
the rate to exceed by more than 1 per cent the rate paid on 
the last issue of bonds for raising the funds to be loaned. 

The capital stock of the banks is owned by the Government, 
national farm-loan associations, borrowers through agents 
and individual subscribers. On Oct. 31, 1922, the Govern- 
ment’s stock had been reduced to $4,264,880, of a total of 
$35,256,730. Nearly all of the remaining stock was owned 
by loan associations. At that time the net mortgage loans by 
the banks outstanding totaled in round numbers $606,000,000, 

and their farm-loan bonds authorized and issued amounted to 
$641,000,000. These bonds and the mortgages on which they 
are based, as well as the capital stock of the banks, are ex- 
empt from taxation. 

Besides the Federal Land Banks, the Act permits the es- 
tablishment of Joint-Stock Land Banks and authorizes them 
to lend directly to borrowers on farm mortgage security and 
to issue farm-loan bonds. The number of these banks, 61 in 
November, 1922, was more than doubled in the last year. 

From Jan. 4, 1921, to Nov. 30, 1922, the War Finance 
Corporation had approved advances to banks, live-stock loan 
companies and cooperative marketing associations, for agri- 
cultural and live-stock purposes, in 37 States, amounting to 
$433 ,000,000.—Guaranty Survey. 
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1922 and the Motorboat Industry 


By H. H. Brauticam? 


URING the year just ended, great progress has 

been made in the motorboat industry in this 

Country. This statement applies with equal 
force to the commercial and the pleasure aspects of the 
industry. Marked developments in power, as well as an 
advance in construction, have made the past year a nota- 
ble one. Briefly, the outstanding features seem to have 
been the greater development and a more widespread 
acceptance of the standardized boat, the production of 
high-power engines of the Diesel type for use on com- 
mercial vessels in place of steam, the noteworthy im- 
provement in the design and the efficiency of the high- 
power, high-speed engine and the further perfection and 
development in the use of the outboard engine. 

The outboard engine, when it first came into use some 
years ago, was little more than a toy designed for boys 
to place on a rowboat. But gradually it has been de- 
veloped and made more and more reliable. With their 
greater reliability a rapidly increasing demand for en- 
gines of this kind has arisen. During the past year a 
number of new companies have entered the field, with 
the result that the outboard engine is used constantly 
on the tenders of yachts in place of man-rowing power. 

While one or two builders have, by the use of alumi- 
num, succeeded in making very light machines of this 
type, the question of light weight is not given so much 
consideration now that the demand is for a steady, 
reliable engine: Cylinder dimensions have been in- 
creased, which of course gives the engine more power 
and makes it more serviceable. There is also a tendency 
to make two-cylinder powerplants instead of the one- 
cylinder outboard engines that were first constructed. 
Both battery and magneto ignition are used. Besides 
being used on the tenders of yachts and Government 
boats, these little engines have proved a great boon 
to the rod and line fisherman. On Chesapeake Bay they 
are used almost exclusively in trolling for rock fish. 

While the cost of fuel has exerted a tremendous in- 
fluence in the building of engines for the medium-size 
and the large boats of both the pleasure and the commer- 
cial types, it has had little or no effect upon the produc- 
tion of the small, low-power gasoline engine used for 
small passenger and pleasure boats. On these smaller 
machines where the cost of fuel consumed is small, and 
therefore less of an item in the expense of operation, the 
demand has been for a better, cleaner and quieter engine. 
The high development of the four-cylinder four-cycle 
engine has met this demand. The extent to which this 
development has been carried by the builder can be seen 
readily by comparing the engines of this year’s con- 
struction with those produced 5 or 6 years ago. Within 
the past 12 months great advances have been made in the 
production of automotive apparatus, in castings, crank- 
shafts and the like, and the engine builder in many in- 
stances, by availing himself of these improvements, has 
been enabled to decrease his production costs to the ulti- 
mate benefit of the purchaser. 

The past season witnessed the introduction to the 





1 Annual report of the Second Vice-President representing marine 
engineering. 


2M.S.A.E.—President, Bridgeport Motor Co., Bridgeport, Conn. 


yachting public of a number of high-speed marine en- 
gines with horsepowers ranging from 50 to 200 and more. 
These engines, masterpieces of design and construction, 
have already given a good account of themselves in every 
test to which they may have been put. Some of these 


engines were installed in high-speed runabouts and were 


subjected, during the various race-meets held in the past 
season throughout the Country, to a series of grueling 
tests. Others were installed in cruising boats of various 
sizes where sturdiness and reliability were vitally neces- 
sary. In every instance these engines performed fully 
up to and beyond the claims of their builders. Greater 
things are expected of these engines during the coming 
year, as the builders, with all of this experience behind 
them, have been ceaselessly experimenting and testing 
with the sole object in view of being able to offer to the 
public a high-speed engine of the first grade with un- 
questioned power and endurance as well as the greatest 
reliability. 

The larger high-power engines of the Diesel type have 
in the past year been advanced considerably in efficiency 
and are gradually displacing steam in commercial vessels 
in which a great amount of power is required, such as 
tugboats, coasting barges, tankers and even _ trans- 
oceanic freight vessels of large tonnage. Around New 
York Harbor tugboats are being constantly equipped 
with these engines for harbor usage and for towing 
through the New York State Barge Canal. Recently 
they have been installed in all the tugs of the Trans- 
marine Corporation. On the Great Lakes they are being 
used in grain-carrying hulls. On the Pacific Coast, 
where the tendency to use them in place of steam is even 
greater than on the Atlantic Coast, barges and freight 
vessels are constantly equipped’ with them. Their ad- 
vantages are many and obvious. They have proved 
highly efficient and powerful. They cut down the cost 
of transportation by being more economical than steam 
in the man-power and fuel needed to run them. And 
their usage makes for a cleaner boat, for they do away 
with the stoker and the annoyance of continually empty- 
ing ashes. But one engineer is needed to run them in 
place of the engineer and two or three firemen needed 
with a steam engine. The fuel for these engines is easily 
obtained and the power plant itself requires less space 
than a steam engine, aside from the coal that must be 
carried with the latter. 


DEVELOPMENTS IN BOAT CONSTRUCTION 


In boat construction the past year showed three out- 
standing features, the development of the luxurious type 
of houseboat, the improvement of the standardized cruiser 
and the wide acceptance of the V-bottom speed-boat. 
The houseboat, in the past nothing more than a flat- 
bottomed barge with a clumsy square house built upon 
it, has in recent years been changed into the power- 
houseboat. Many of these boats, especially the ones de- 
signed and built for the winter season in Florida and 
other Southern waters, are exceedingly comfortable, 
luxurious vessels. While they are built primarily for 
comfort, they are also very able vessels. Many of them 
have very good speed, making from 9 to 14 m.p.h. With 
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1922 AND THE MOTORBOAT INDUSTRY 


these boats the clumsiness of the old-fashioned house- 
boat has been entirely eliminated. They are now de- 
signed with no little thought of appearance, show very 
good lines and are often just as graceful as the yachts 
surrounding them. Such houseboats are capable of 
cruises from our coasts to the beautiful islands of the 
West Indies where many of them can now be found 
every winter. In fact, in this Country, it has become 
the custom to start from the Great Lakes or the 
North Atlantic coast in one of these cruising house- 
boats about the first of November, travel down the 
coast to Florida, Cuba, Jamaica or the Virgin Islands 
and spend the winter months in the warmer waters. 
To just what extent prohibition in the United States 
has tended to develop this custom would be hard to esti- 
mate. 

The interior fittings of these houseboats have become 
really magnificent. The craft are equipped with every 
imaginable device that could possibly add to the comfort 
of the owner and his guests. Immense saloons on the 
main deck serve the purpose of not only lounging rooms, 
but in many cases this part of the houseboat is equipped 
with pianos, and sometimes large electrically operated 
organs, and the saloon, with its smoothly polished floor, 
is readily convertible into a ballroom. Either a com- 
plete wireless outfit or at least a small receiving radio- 
set is found on practically all of these boats. Bathrooms 
are often tiled and fitted with both hot and cold showers. 
Galleys contain iceboxes of no mean dimensions and are 
often equipped with the latest electrical cooking devices. 
Lighting is almost invariably by electricity and steam 
or electric heating, a decided comfort on a chilly morn- 
ing, is used. Bedrooms, living rooms and other quarters 
are often finished in mahogany and furnished with ex- 
quisite taste. In fact, many-of these boats are so lux- 
urious that living in them is as easy as living at one of 
our best hotels. 

The standardized cruiser that made its appearance in 
greater numbers last year is a successful attempt to meet 
the demand for boats from people of moderate means. 
Many companies are now building such stock boats. 
Some of them are as small as 25 ft. in length, while 
others run up to 65 ft. An average size seems to be 
between 30 and 40 ft. overall by 8 to 10 ft. beam. Several 
builders are now putting out such a stock boat for from 
$3,000 to $5,000. These boats have well-built cabins 
and are equipped with every convenience required for an 
extended cruise. Boats of this type have shown great 
development within the past year. They have gradually 
been given more freeboard, so as to sit higher out of 
the water until now they are very able and seaworthy 
boats. 

Boats of this type are always well powered with fully 
equipped engines. Most of the engines have electric 
starters and generators for developing current for the 
electric systems. Such cruisers are all one-man-con- 


A NEW TYPE 


In connection with the discussion on rail-cars, reported in 
THE JOURNAL for December, 1922, attention is drawn to the 
detailed description in The Engineer for Dec. 29, 1922, of the 
European Diesel-electric car mentioned in Roy V. Wright’s 
paper. This rail-car has an overall length of 70 ft., and 
weighs, empty, 65.52 tons; it has a seating capacity of 69. 
The powerplant is a six-cylinder, four-stroke Diesel engine 
developing 200 hp. at 440 r.p.m., running on tar-oil injected 
directly into the cylinders without the use of air. The re- 
turns for a full month’s working in branch-line service con- 
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trolled boats, the engine being started and controlled 
by the man at the steering-wheel. Their interiors gen- 
erally consist of the cabins, bath, kitchen and engine- 
room. For small families or parties of three or four 
the standardized cruiser is an ideal boat, and one that 
is well within the means of the average boat enthusiast. 
Many of these cruisers will be seen this winter in Florida 
waters, a large number of them having traveled from our 
Great Lakes section by way of the Erie Canal, the Hud- 
son River and the inland route along the Atlantic Coast. 
In Europe they would make excellent boats for cruising 
around Southern Italy, Sicily and the Mediterranean. 

Where speed is a consideration the V-bottom boat is 
becoming more and more popular. In the races of the 
past year it repeatedly demonstrated how well deserved 
is this popularity. Not only does such a boat show more 
speed than the round-bottom type but it is much simpler 
in construction. 

One or two other features of the industry deserve 
mention. There are, for instance, the rapid develop- 
ment of the auxiliary sailing boat, and the increasing 
popularity of the express runabout, a small open boat 
of perhaps 30 to 35 ft. that is capable of speeds up to 
50 m.p.h. These runabouts are equipped with high- 
speed engines of from 50 to 200 hpe They can be handled 
readily by one man and are gradually being developed 
for fast messenger service. 

In general, the tendency today is to meet the demand 
for a less expensive boat, at no sacrifice of speed, com- 
fort or efficiency, by the use of standardized parts in the 
engine and the production of a standardized boat. In 
fact, the price of a boat of good construction is down 
to a figure that is well within the reach of the average 
man. In this Country today the statement, “a boat for 


-everybody,” can be applied much more truthfully to 


motorboats than a corresponding statement can be ap- 
plied to automobiles. A complete motorboat of the small 
open type, equipped with a serviceable engine, can be 
bought new at present for less than $300, a figure con- 
siderably lower than the price of even the cheapest 
automobile on the market. 

Cyrus H. K. Curtis, owner and publisher of the Satur- 
day Evening Post, spends the greater part of his time 
aboard his wonder yacht Lyndonia. In an interview 
just recently at Miami, Fla., where the Lydonia is now 
stationed, Mr. Curtis said: 


Yachting pays in a score of ways. They say you 
cannot have your youth back, once you have passed 
the milestone of maturity and age. I disagree with 
that. I have had my youth back and still have it. 
The sea knows no age, and those who live on it partake 
in time of the same quality of strength and restful 
motion that is part of the ocean. I have never felt 
better in my life than I do today. I know it is the 
yacht that is doing this for me. Life seems happier 
on this deck, problems simpler and a cigar tastes 
better. 


OF RAIL-CAR 

ditions on a 46-mile section show an average fuel-consump- 
tion of 0.043 lb. per ton-mile, including the fuel used when 
the car is engaged in switching service, providing compressed- 
air for the airbrake system and recharging the storage- 
batteries. 

The trial runs made on a branch line of the Swiss Federal 
Railroad system are reported as having been satisfactory in 
every respect, and it is anticipated that this rail-car will show 
a considerable saving as against the running costs of the 
ordinary electric train. 
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Stationary Internal-Combustion 
Engineering Developments 


By C. B. SEGNER? 


HE name Stationary Internal Combustion En- 

gineering, as applied to the work of a group in 

the Society, is somewhat anomalous, as most of 
our members intended to be included in this classifica- 
tion are interested principally in the small general-pur- 
pose portable and semi-portable engines used for driving 
farm machinery, concrete-mixers, gasoline hoists, pumps, 
and apparatus of similar nature. The “real’’ stationary 
engines are those used for driving factory apparatus, 
electric generators, rolling-mills, and other heavy machin- 
ery. They form the basis of a very important industry 
and their design and construction should be of interest 
to all our members, but the activities of the group of 
the Society of which I have been vice-president, seem 
to have been confined very largely to the smaller types 
of engine mentioned. 

The general-purpose engines have been developed to 
a wonderful degree of simplicity, and American methods 
of production have brought their cost very low. The 
majority of them are of the single-cylinder medium- 
speed type, using magneto ignition and being supplied 
with a throttling governor and with a carbureter or mix- 
ing-valve that permits the use of either kerosene or 
gasoline as a fuel. Developments of this class of engine 
are progressing along several different lines. Existing 
models are being made more reliable by the use of better 
magnetos, carbureters, and lubricators. 

Some of the work formerly handled by the general- 


‘Annual report of the Second Vice-President representing sta- 
tionary internal-combustion engineering. 


2M.S.A.E.—Vice-President and general manager, Domestic Engine 
& Pump Co., Shippensburg, Pa 


purpose engine is now being done by special engines de- 
signed for specific purposes. Among these are the en- 
gine for the isolated electric lighting-plant, the little 
engine used for driving the knotting mechanism on grain 
binders, and the farm pump engine. I believe, however, 
that the most important trend of development is the use 
of multiple-cylinder automobile or tractor type engines, 
especially in the larger sizes, above 6 or 8 hp. These 
engines are sold as complete power units with all acces- 
sories, such as magneto, carbureter, governor, fuel-tank 
and power takeoff, all enclosed in a metal housing. These 
light, convenient and reliable powerplants are coming 
more and more into favor, especially for driving pumps 
and hoists, and for industrial work that demands me- 
chanical reliability. 

The single-cylinder general-purpose engine, because of 
its low cost and simplicity, will without doubt be built 
and sold in large quantities for many years but, if I 
may venture a prediction, I would say that the principal 
developments will be in the direction of special engines 
for specific purposes and of units for industrial purposes. 
In this event the engines will become more nearly like 
the automobile and tractor engines in design and equip- 
ment. This constitutes another argument why all en- 
gineers and production men engaged in the “stationary 
internal-combustion engineering’? industry should be 
members of the Society of Automotive Engineers, in 
which are available the benefits of the experience gained 
in the development of automobile and of aircraft en- 
gineering, as well as of the S.A.E. Standards for mate- 
rials and dimensions of various component parts and 
accessories of engines. 





OBITUARIES 


ALBERT H. MILLER, research engineer for the Nicetown 
Works of the Midvale Steel & Ordnance Co., Philadelphia, 
died at his home in that city on Jan. 11, 1923, aged 42 years. 
He was born on Aug. 27, 1880, at Philadelphia, and following 
his public school education matriculated at the University of 
Pennsylvania in 1897, being graduated in 1901 with the degree 
of Bachelor of Science in mechanical engineering. In 1908 he 
took a special course in heat-treatment and the structure of 
steels at the Sorbonne, in Paris, France. 

Mr. Miller made a life study of the scientific features of 
steel manufacture. He was particularly skillful in analyzing 
steels microscopically, and in designating appropriate heat- 
treatments to secure the desired physical properties. At the 
time of his death he was in charge of the development of new 
products. 

He was a member of the American Society for Steel Treat- 
ing, and at times read papers upon metallurgical subjects, his 
latest being one on the Commercial Heat-Treatment for 


Structural Steels, read before the Washington section of the 
American Society of Mechanical Engineers. He was also a 
member of the Philadelphia Engineer’s Club and of other 
fraternal and social organizations. He was elected to Mem- 
ber grade in the Society on March 7, 1922. 


ALFRED THOMAS STwURT, chief engineer of Durant Motors, 
Inc., Long Island City, N. Y., died of scarlet fever on Jan. 
23, 1923, aged 44 years. He was born at Flint, Mich., in 
1878 and received his scholastic education in the Flint high 
school. Entering the service of the Buick Motor Co. in 1903, 
he served it progressively until 1912, when he became as- 
sistant engineer for the Dort Motor Car Co. In 1913 and 
1914 he was chief engineer for the Mason Motor Co. and also 
chief engineer of the Chevrolet Motor Co. in 1915, later form 
ing a connection with Durant Motors at the time of its or- 
ganization. He was elected to Member grade in the Society 
on Feb. 16, 1916. 
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SHOP AND ENGINEER MUST COOPERATE 
Detroiters Say Team-Work Is Essential in Successful 
Manufacturing Organization 


The promotion of a better understanding between the fac- 
tory-man and the engineer is a theme rather worn with dis- 
cussion, but it served as the topic of a lively and successful 
meeting of the Detroit Section on Feb. 2. Incidentally, any 
effort made toward accomplishing the ideal of arm-in-arm 
team-work between the designer and the producer is akin to 
the times; there has never been such a decided tendency in 
this direction the creation of the first motor-car as 
there is at the present time. 

L. V. Cram, production engineer with the Chevrolet Motor 
Co., read a paper in which he stressed the value of a more 
intimate contact between the engineering and the manufac- 
turing departments. He argued that engineering service 
must not be considered complete when it provides satisfac- 
tory drawings, bill-of-material and an efficient alteration 
system. There is a fourth requisite equally important, the 
presence of an engineer of judgment in the shop all the 
time, keeping pace with production development, making 
decisions, giving courteous advice and seeing that proper 
record is made of all improvements in method or product 
that originate in the shop. No producing organization 
stands still for a minute; ideas are germinating all the time 
in the interest of progress and many of these are worthy 
of adoption. It is the function of the engineering depart- 
ment to seek these out, pass judgment on them and effect 
their application. This necessitates the engineer’s presence 
in the shop. It is a mistake to take a mechanic from his 
machine into a private office in the hope of securing his ideas; 
the change in environment makes him self-conscious and, 
usually, silent. Cultivate the spirit of cooperation in the 
shop, encourage the submission of suggested improvements, 
and the constantly improving product will reflect credit on 
the engineer eventually. 

George E. Goddard read a paper prepared by H. W. 
Hayes in which the method of effecting alterations in the 
Dodge Bros. factory was explained. It was of particular 
interest to learn that a small number of altered parts or 
units were run through the complete manufacturing and 
assembly routine before an alteration was made effective 
definitely. This procedure assures the clearing up of many 
unanticipated interferences and objections before the altera- 
tion takes final form, thus eliminating disagreeable produc- 
tion tie-ups when the change becomes effective. 


since 


ORGANIZATION LIKENED TO FOOTBALL TEAM 
Walter Fishleigh, of the Ford Motor Co., gave an inspir- 
ing and forceful talk on the oft-ridiculed philosophy of co- 
operation. He stated that the factories which seem to accom- 
plish the greatest often those with the most 
meager and undeveloped system and organization. It was 
his belief that most executives underestimate the importance 
of morale and teamwork in the proper functioning of an 
organization. System and organization rules were likened 
to the signals of a football team; they are an important 
accessory, but without team-play are ineffective. Mr. Fish- 
leigh is of the opinion that all engineers are production men 
in this sense. Engineering “departments,” considered as 
units set apart and separated from the shop by frosted glass 
partitions, should not exist. Engineers must come from be- 
hind these partitions, interest themselves in the shop and 
get acquainted with its men. This is fundamental to team- 
work and true organization. Too many partitions are di- 
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rectly responsible for the feeling in some production depart- 
ments that cars must be built “in spite of the engineers.” 

The words “change” and “alteration” should be discour- 
aged; substitute in their stead the term “improvement.” Mr. 
Fishleigh remarked that any change which is not an im- 
provement lacks justification. No successful product en- 
dures without constant improvement and this of necessity 
means constant alterations. 

K. L. Herrmann, O. E. Hunt, T. J. Litle, Jr., and others 
participated in the discussion following the papers. 

PAINTING, THE TOPIC OF MARCH MEETING 

L. V. Pulsifer, chief chemist, Valentine & Co., will address 
the Detroit Section at its meeting on Friday, March 2. His 
topic will be “Painting Practice and Problems from the Chem- 
ist’s Viewpoint.” The meeting will be held in the General 


Motors Building, starting at 8 o’clock and will be preceded 
by an informal dinner at 6:30 p. m. 








DAYTON HAS INTERESTING MEETING 
Members Hear Talks on Alloy-Steel Valves and Wire, 
Steel and Wood Wheels 


The Dayton Section tried a new feature as a part of its 
meeting program on Feb. 20, and it met with considerable 
approval. Immediately following the dinner, informal talks 
were given on the relative merits of various forms of auto- 
motive wheels. Louis H. Rogge championed the wire and 
metal-spoke wheel, F. H. Walkley supported the cast-steel 
wheel, and Mr. Weisner spoke for the wood-spoke and wood- 
disc wheel. 

Glenn A. Toaz read an informative paper on valve prob- 
lems encountered in the automotive engine. His talk in- 
cluded historical sketches of different types of valve that 
have been used in internal-combustion engines and discussion 
of their limitations. He traced the development from the 
cast-iron valve up to the recent silchrome alloy-steel type. 
Slides were shown illustrating the condition of the different 
valves and valve steels after a life-test in engines and after 
oxidation tests in furnaces. 








RIVER BOATS USE OIL ENGINES 


Kkngineer Describes New Tow-Boats Developed 


Freight Traflic on Mississippi 


for 


Two of the newer applications of the internal-combustion 
engine were considered at the meeting of the Minneapolis 
Section on Feb. 7. Papers were read on the Mississippi River 
tow-boat and the motor rail-car. The former paper was read 
by J. Brodie, engineer of the River Transit Co., St. Paul, 
Minn. He said that the following matters must be consid- 
ered in the design of freight-carrying boats due to Missis- 
sippi River channel conditions: first, the maneuvering ability 
of the stern-wheel steamboat of the old type is primarily 
essential for moving any kind of load on the river; second, 
adequate protection must be given the cargo in all kinds of 
weather; third, cheap and dependable methods must be de- 
vised for the handling of freight at the terminal; and fourth, 
boats must be operated with such frequency that sailing dates 
will be close enough to make the service attractive in the 
way of early delivery for shippers. Mr. Brodie felt that the 
fleet of tow-boats built by the Government at an expense of 
$3,500,000 was not entirely practical since the channel is too 
narrow and too crooked to steer long tows through without 
getting them stuck. These Government barges have a capac- 
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ity of about 1600 tons each and the tow-boats, equipped with 
2000-hp. engines are capable of moving three or four barges 
at a time. 

Mr. Brodie discouraged the old practice of handling pas- 
sengers and freight on the same boat; the two types of traffic 
cannot be handled together profitably because of the frequent 
stops necessitated by the freight service with uncontrollable 
delay at each stop. He believed that the increased use of 
motor trucks and the extension of good roads are discourag- 
ing to short water-hauls but advantageous to long water- 
hauls. 

For the present at least, Mr. Brodie recommends that river 
freight barges be about 300 ft. long and 80 to 100 ft. wide, 
with a draft not exceeding 3 ft. The size of these boats could 
be increased with the development of traffic, but if the most 
efficient craft is put on the river at the start, the amount of 
freight that the carrier can get will not be sufficient to 
secure maximum efficiency from the craft. There is some 
question whether a self-propelled boat or a tow-boat with 
barges is more practical. The barge system is more flexible 
since barges can be left at docks for loading or unloading 
and the tow-boat itself can be kept in operation continually. 
With the barge system, a single crew, specialized in the mov- 
ing of barges with an efficient tow-boat, can move consider- 
ably more freight than with any other method. This is due 
largely to the fact that one specialized crew handles opera- 
tion and another the loading and unloading of the barges. 
The self-propelled boat has the advantage of being able to 
move anywhere as soon as its load is removed; sailings will be 
more frequent and this feature alone is sufficient in some 
cases to demand the use of the self-propelled boat. Its 
greatest disadvantage is that the navigating crew and en- 
gines are idle while the boat it at the dock. 

With the stern-wheel tow-boat, the slow motion of the 
paddle-wheel makes the application of the direct-connected 
steam-engine by far the most simple mechanism. The weight 
of the boiler, engines and fuel in such a boat is a great dis- 
advantage; in addition, fueling with coal ties-up the equip- 
ment too long a time. The small amount of power required 
on each unit makes the oil-burning internal-combustion en- 
gine readily adaptable. The possibility of one man operat- 
ing both the steering mechanism and the engine is another 
feature favoring the automotive engine. The transmission 
of power is the big problem when utilizing the internal- 
combustion engine. This is largely due to the fact that the 
use of propellers in tunnels in the hull of the boat has not 
proved entirely satisfactory. One of the necessities in tow- 
boat operation is ability to back with a strong sidewise force 
and this quality is not pronounced in the tunnel-propeller 
boats. It is generally agreed that there is no means of pro- 
pulsion as effective in steering and stopping as the stern 
wheel with rudders both in front of and behind it. Mr. 
Brodie’s organization is planning to use a tractor transmis- 
sion between the engine and the paddle-wheel, throwing the 
engine out of engagement and applying brakes to the paddle- 
wheel until it is stopped; the clutch can then be engaged for 
driving in the reverse direction. He intends to use a 75-hp. 
engine that will be capable of driving the boat at a speed 
of 8 m.p.h. in still water. This speed is about as great as 
can be obtained efficiently during the low-water periods on 
the Mississippi River and Mr. Brodie considers any additional 
power would be wasted. 

The paper on motor rail-cars was read by E. Russell Greer, 
engineer of the Service Transfer Co., St. Paul, Minn. This 
paper was principally a resume of the material already pub- 
lished on the motor rail-car and included a description of the 
car designed by C. O. Guernsey and operated by the Great 
Northern Railway. This particular car is mounted on two 
trucks each having four wheels; the wheels have rubber 
cushions mounted between the steel rim and the flanges to 
absorb shocks. All four wheels of the front truck are posi- 
tively driven by a four-cylinder engine developing 66 hp. 
The car seats 44 persons and is provided with baggage space; 
it runs 200 miles a day and is operated by a crew of two 
men. It was interesting to note that the car does not carry 
the standard railroad couplers which weigh 400 to 500 lb. 
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apiece. A standard railroad airbrake system is used, the 
compressor being driven by the engine. The engine instal- 
lation is arranged so that the entire powerplant can be 
removed from the car for overhauling and replaced with a 
new unit without tying-up the entire equipment. 

The next meeting of the Minneapolis Section is scheduled 
for the evening of March 7, when Charles Boehnlein of the 
University of Minnesota faculty will outline the Development 
of the Modern Airplane. The meeting starts at 8 o’clock in 
the Builders’ Exchange headquarters. 


NEW HEAD-LAMP ILLUMINATION CHART 

A new method of graphic representation of head-lamp 
illumination will be presented as part of a paper on Road 
Lighting to be read by F. H. Ford at the Mid-West Section 
meeting on the evening of March 23. Mr. Ford has expe- 
rienced difficulty in presenting comparative data on non- 
glare lens effectiveness to engineers who have never used 
photometric charts. He has developed a new chart that pre- 
sents these data in a simplified form showing clearly the 
variations in light intensity. Other interesting material on 
lenses, reflectors and road-illumination will be a part of the 
paper. The meeting will be held in the rooms of the West- 
ern Society of Engineers, Monadnock Building, starting at 
8 o’clock. 


TRUCK OPERATION TO BE FEATURED 
Society Meeting at Cleveland in April 
Operators and Manufacturers 





Appeals to 


The Meetings Committee has set the dates of April 26 to 28 
for the National Meeting on Automotive Transportation. 
The Hotel Winton has been selected as headquarters for the 
meeting. It is centrally located and has a large garage 
adjacent to it where members driving to the meeting can 
store their cars. 

Several papers have been definitely secured by the Com- 
mittee for presentation at the Meeting. F.C. Horner, motor 
transport engineer with the General Motors Corporation, 
will describe some of the successful methods of operation 
being practiced in large European cities. This paper will be 
accompanied by numerous stereopticon illustrations and mo- 
tion pictures. Types of bodies, loading and unloading equip- 
ment, and methods of routing and dispatching will be de- 
scribed by him. A second paper on motor-truck operation is 
being written by S. G. Thompson, chief transportation engi- 
neer of the White Motor Co., in collaboration with A. J. Scaife. 
This paper will describe methods of controlling the operation 
of a fleet of motor vehicles and include the practices of some 
of the most successful motor-transport organizations. 

Major Brainerd Taylor, of the Motor Transport Corps of 
the Army, will read a paper describing an emergency system 
of motor-truck transportation that the Army was prepared 
to set up and operate in case of failure of the national trans- 
portation system during the railroad strike of 1922. This 
paper includes much of the experience of the Army transport 
officers resulting from the stupendous task of carrying on the 
truck transportation of the Service of Supply in France dur- 
ing the War. S. Von Ammon, of the Bureau of Standards 
at the City of Washington, will read a paper on the motor- 
truck axle tests that have been conducted by the Bureau. 
These tests have resulted in the gathering of extremely val- 
uable data on the efficiency of motor-truck axles. Prof. 
W. E. Lay, of the University of Michigan, will contribute a 
paper describing some of the motor-truck testing work that 
has been done by the University staff to determine the 
gradient of highways that will be conducive to maximum 
economy of vehicle and road when the two are considered 
jointly. 

Several other valuable papers are being considered for 
the program of this Automotive Transportation Meeting. 
It is evident that the sessions will contain much valuable 
material for both the constructor and the operator of trucks. 
It is expected that many motor-truck operators will attend 
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the meeting, particularly railroad representatives. Watch 
your future issues of the Meetings Bulletin for further de- 
tails of the program. In the meantime, make arrangements 
to be in Cleveland on April 26 to 28. 





SPRING LAKE SUMMER MEETING SITE 
Jersey Coast Resort Selected Because of Its Unusually 
Attractive Features 


The Summer Meeting of 1923 will be held at Spring Lake, 
N. J.. June 19 to 23. This announcement was made by 
Mason P. Rumney, chairman of the Meetings Committee, 
at the Chicago Dinner and in a recent issue of the Meetings 
Bulletin. The selection was made after a careful canvass 
of all other available resorts in the East and Middle West. 
To those who strongly recommended a return to White Sul- 
phur Springs it should be stated that the West Virginia 
resort could not accommodate us this year because its build- 
ing program involves the razing of the White, thus limit- 
ing attendance to the capacity of the Greenbrier. The Com- 
mittee feels that Spring Lake possesses the meeting and 
sport facilities of White Sulphur Springs, with the added 
attractions that are a part of a great seashore resort. 

Spring Lake is situated on the Atlantic Coast between 
the better-known Atlantic City and Asbury Park. It has 
all of the climatic and geographical advantages of these two 
resorts without the congestion and bustle. The Hotel Mon- 
mouth and the Essex and Sussex are comparable with the 
finest resort hotels along the coast; a majority of the rooms 
have private bath. Spring Lake is easily accessible by rail 
through the New York City and Philadelphia terminals, 
being only two hours from these cities. The Society has 
secured reduced-fare concessions from the railroads from 
nearly all points in the automotive districts east of Chicago. 
Recreational facilities at Spring Lake include two 18-hole 
golf courses, numerous tennis-courts, baseball field, ocean 
bathing, swimming-pool, trapshooting and saddle horses. 
The climate in June is moderate. 

Special issues of the Meetings Bulletin will reach the entire 
membership in advance of the Summer Meeting and to these 
will be left the task of giving in picture and printed word all 
of the attractive features of Spring Lake, and the important 
engineering and business sessions that will be arranged as 
a part of the Summer Meeting. 


BUFFALO SECTION MARCH MEETING 
J. Edward Schipper, technical writer, will address the 
meeting of the Buffalo Section on the evening of March 16. 
He will present a study of the trend in passenger-car devel- 
opment as exemplified by the New York City and Chicago 
Show exhibits. The meeting will be held at the Buffalo 
Engineers’ Club in the Iroquois Hotel, starting at 8 o’clock. 


FACTORS IN AUTOMOBILE 
SERVICE 


GOVERNING 


Inspiring Papers and Discussion at Chicago Service 
Meeting 


It is obvious that the prestige and lasting success of auto- 
motive companies, particularly those engaged in the passen- 
ger-car and motor-truck fields, depend upon the satisfaction 
their products render. Service is an integral part of their 
activities that cannot be long ignored. To maintain position 
in the highly reputable and prosperous way that it should 
be maintained, and will be maintained by those who shall 
survive through coming years, motor-vehicle builders and 
dealers must meet in a fair and square manner their re- 
sponsibilities which are inextricably linked with the needs 
of their car-using customers. One of the first thorough- 
going reductions to practice in scientific and engineering 
progress should be in the maintenance of the millions of 
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motor cars now in operation, not to speak of the many mil- 
lions more to come. The longer the comprehensive solving 
of this service problem is deferred, the more arduous it will 
be to accomplish. The establishing as fully as possible of 
desirable conditions in the very complex and widely scattered 
field of automobile service requires long and thorough study 
by the best brains of the industry. 


THE TECHNICAL SESSIONS 


At the Service Meeting of the Society held in Chicago on 
Jan. 31, much definite information was given and many 
pertinent data submitted in this connection by well qualified 
men who presented papers and took part in the discussion. 
Don T. Hastings, who is vice-president in charge of service 
for Hupmobiles in Detroit territory, described in a clear 
manner the system that he and his associates have estab- 
lished, and related convincingly his views on the so-called 
flat-rate method of conducting a service-station. J. F. Page, 
general manager of service of the Packard Motor Car Co. in 
Chicago, suggested various things that he felt a motor-car 
builder should do in the way of cooperating with dealers. 
O. C. Funderburk, who is a distributor of Lincoln and of 
Ford cars in Boston, prepared for the meeting a paper out- 
lining the fundamental considerations according to which 
he believes a service-station should be organized, and nar- 
rated in considerable detail salient features of the main- 
tenance service which he has been instrumental in providing 
for the cars mentioned. A. H. Packer, of the Motor Age 
staff, described graphically the many essentially important 
benefits to be had through suitable standardization of elec- 
trical equipment such as generators and motors of automo- 
biles, with special reference to maintenance. The papers 
presented by Mr. Hastings and by Mr. Page were included 
in the February issue of THE JOURNAL. Mr. Funderburk’s 
paper, as well as that of Mr. Packer, is included in this issue. 


THE FLAT-RATE SYSTEM 


Mr. Hastings said that the men working in his shop under 
the flat-rate system earn about 25 per cent more than they 
would earn if employed by the day or according to the cus- 
tomary hour-rate. He believed that perhaps the chief merit 
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of the flat-rate system is its appeal to the car-owner in that 
he knows what a given job will cost him before work on it 
is started; the rates being low enough so that there is no 
adverse criticism of the amounts charged. The customer is 
informed in advance of what the charge for new parts and 
material will be, if it can be foretold to what extent these 
will be necessary in the handling of the job. Im reply to 
the view that was expressed at the meeting that the flat-rate 
system cannot be entirely fair to all car-owners, Mr. 
Hastings said that the time necessary to take on jobs does 
not vary 25 per cent in amount from minimum and maximum 
times except in extreme cases and that the general result is 
that, whereas one customer will not always gain as much 
as another in the reduction of a charge, all of the customers 
gain in this respect owing to the general speeding-up of the 
work going through the shop. He asserted that fairness 
is the fundamental basis of all service that is good. The 
customer at his option concurs as to the fairness of a charge 
before the work is started. Mr. Hastings was of the opinion 
that a car-user would in the long run pay more for repair 
work if he had it done on the basis of time-unit charging. 
Secretary Cobleigh, of the Service Committee of the National 
Automobile Chamber of Commerce, said that the average 
cost of repairs is always lower in the flat-rate system than 
in the observance of the older basis. He felt that even the 
careless car-owner gets his maintenance work done at a 
lower price when the flat-rate method of charging for ser- 
vice is followed. 
SCOPE AND MAGNITUDE OF MAINTENANCE 

Clyde Jennings, editor of Motor Age, presided at the after- 
noon session of the meeting. He pointed out that main- 
tenance, which term he prefers to service in connection with 
the matters under discussion, is a larger field of endeavor 
than direct automobile production, from the standpoint of 
the number of people concerned and also with regard to the 
amount of money involved in the annual turnover. About 
$2,000,000,000 worth of new cars was sold at retail during the 
year 1922. The expenditure relating to maintenance, pur- 
chase of parts and labor was about $5,000,000,000 during the 
same period. He stated emphatically that the big thing 
before the automotive industry is service, this being a grow- 
ing business. Many automotive engineers are devoting their 
entire time to service problems, working out some of the 
almost unlimited details involved. He said that the flat-rate 
system is of great value in “selling” maintenance, which 
must be made an easily understandable as well as properly 
conducted thing. 

Mr. Funderburk, in his paper on the servicing of Lincoln 
and Ford cars, gave detailed information with 
various tools that had been devised for the maintenance 
equipment. The members who reside near or shall have 
occasion to visit Boston are advised to call upon Mr. Funder- 
burk, as he has generously expressed a willingness to show 
them through the shops of his company. Mr. Hastings also 
will welcome any of the members who wish to inspect his 
service-plant in Detroit. 

J. W. Lord, service manager for Pierce-Arrow cars in 
New York City, felt that it would be better for the vehicle 
distributors to provide maintenance of electrical equipment 
themselves instead of having their customers depend for 
this upon the different manufacturers of the electrical equip- 
ment furnished on their cars. 

The discussion at the two technical sessions of the meeting 
was very interesting and distinctly valuable. There was a 
keen appreciation of the necessity for further study and dis- 
cussion of the vital principles at issue in the conduct of satis- 
factory service. The time to take intelligent action is in 
advance of the coming of obstacles that may be nearly insur- 
mountable, and there is good prospect that those engaged in 
the design, production and servicing of automotive vehicles 
will do more and better work on the many great problems of 
car maintenance before the industry. As indicated herein, 
several excellent texts were presented at the Chicago Service 
Meeting. It is earnestly recommended that the members give 
close attention to them. 
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The dinner held at the Congress Hotel on the evening of 
Jan. 31 was a decidedly enjoyable and inspiring occasion. 
Major Godfrey H. Atkin did the toastmastering in a very 
acceptable manner. Edward S. Jordan, president of the 
Jordan Motor Car Co., was the principal speaker of the 
evening. 


ADDRESS BY EDWARD S. JORDAN 


The members were very deeply interested in what Mr. 
Jordan had to say in speaking to the subject, The Greatest 
Business in the World. 

Mr. Jordan said that to secure accurate information on the 
idiosyncrasies of various prominent members of the Society 
he had visited the geographical center of the automobile in- 
dustry, namely, the barber-shop of the Detroit Athletic Club; 
the said geographical center having been formerly the bar 
of the Hotel Pontchartrain in Detroit. After paying his com- 
pliments to the various colonels associated with the Society, 
he expressed the opinion that nevertheless the industry is 
as sound as a nut. 

The speaker presented the view that, judging from the 
current volume of production, a total of 3,000,000 new auto- 
mobiles will be made in this country this year. He pointed 
to the fact that if 2,500,000 automobiles are built this year it 
is reasonable to suppose that in addition at least 1,000,000 
used cars will have to be sold during the same period. 

Mr. Jordan made it clear that the fundamental thing 
behind success in those things on which transportation is 
based, is service. Essentials of the automobile business are 
men, money, good merchandise and a market. Of these, men 
are the most important, and they must have the spirit to 
serve well; a knowledge of the business; and know what they 
are doing, where they are going, and what they are trying 
to accomplish. They must recognize what service means, 
have courage to stop watching the man across the street and 
to analyze their own business and possess basic honesty. 

In the course of his address, Mr. Jordan reiterated what 
he said at a meeting of the Detroit Section of the Society 
some months ago, namely, that the determining factor in the 
automobile business is not original list-price but the second- 
hand price; stating that millions of car-owners would take 
delivery of new automobiles promptly if the dealers in their 
localities could allow them what they consider enough’ for 
their present machines. That is the limiting factor of the 
business. The production end of the industry has been 
developed fairly well, and the factory capacity is consider- 
ably beyond that needed to meet the current demand for cars. 
The merchandising stage has been reached, and we are 
approaching the fundamental, vital stage, that of service. 
Mr. Jordan continued: 


When a man gets tired of walking, and of riding a 
bicycle or a motorcycle or in a street-car, he buys a 
Ford. It is a matter of social progress from that time. 
After he buys a Ford he saves some money, stays 
home nights and is under the influence of his wife. 
Then he gets a Dodge. He still is making social 
progress. Later, some Sunday morning, his wife notices 
a neighbor with a car that is always coming along with 
the cut-out open; this cut-out says, “I am coming 
socially.” It is the Buick coming up the hill. As the 
Buick passes over the hill she decides that she ought to 
have a car in that field. They have arrived at the dead- 
line of big-volume production, with the possible excep- 
tion of the Cadillac. 

Leaving the Buick, we reach what we call the kiss- 
able buyers. The daughter comes home from college 
and the five family factors begin to operate: Father, 
who thinks in terms of economy; mother, who thinks 
of her children’s opportunity; the daughter, who thinks 
of social prestige and a happy marriage; the boy who 
thinks travel, speed and pep. Then, there is a pet in 
every family; a horse, a dog, an automobile, a bank 
account, or a victrola or some other pride-possession. 
We have got to sell them on the possession of an auto- 
mobile and what it can do for them. 

Those four human factors can function only through 
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their five senses; sight, which is color, the daughter 
wants the house painted a different color when she 
gets home from college; feeling, she wants a steam- 
heating system; taste, she wants a cook in the kitchen; 
atmosphere, she wants a rug and a picture; and hear- 
ing, she wants a victrola, and she doesn’t want any 
noise in the transmission. 


THE SECRET OF SUCCESS 


I will tell you what I believe is the secret of success 
in any business. If you have an engineer who has 
brains and common sense and does not think he is a 
better engineer than ever lived before on the face of 
the earth, he will just try day after day, not to revo- 
lutionize the industry, but to take what men of intelli- 
gence have done before and build on that, and keep on 
improving and improving and gradually raising his 
curve of effectiveness; if your purchasing agent has 
brains enough and is well supported, he will go on 
buying with the idea of improving the service ren- 
dered by the product for which he is buying mate- 
rials, and his curve naturally rises; and it follows 
naturally that the production curve rises, the selling 
curve rises, the cost curve goes down, the cost-of-ser- 
vice curve goes down, the profit curve gradually rises 
and there is more money coming into the accounting 
department than is going out, and you are a success 
in business, and, get an invitation to address the Soci- 
ety of Automotive Engineers. There is nothing mag- 
ical about it. It is just a matter of deciding each 
day what you know to be right, rejecting what you 
know to be wrong. 

How are we to find out what to do in our business? 
There is only one way. If you are an engineer, do not 
ask the sales manager. He doesn’t know; he thinks he 
knows. Don’t ask the production man. Don’t ask the 
fellow across the street. Ask the fellow we are all 
working for, the owner of the automobile. He will 
tell you all about what to do to your automobile; he 
knows all about it. If you see enough of him and get 
in touch with him, you do not need to know what the 
sales manager thinks because you know what the man 
wants. 

One question that is very often asked is, Who will 
survive? It does not make any difference to me how 
many companies there are in the business today. 
It does not make any difference to me how many cars 
they -built last year. The question is, What kind of 
service have they built into their automobiles? How 
much will they be worth 1, 2 and 3 years from now? 
Those who serve best will survive. If you are engi- 
neering honestly, purchasing intelligently, producing 
carefully, inspecting right, rendering the greatest pos- 
sible service, selling according to a definite policy and 
never changing, not being guided by the man across 
the street, not simply trying to out-produce or out-sell 
or out-engineer some fellow around the corner, but 
going on day after day building a little better, pricing 
your product as best you can, from the standpoint of 
your facilities and overhead expense and rendering a 
higher degree of service day by day, trying honestly 
and intelligently to render more service and deliver a 
better dollar’s worth of transportation to the man 
who drives your automobile, that is the best you can 
do, and that will keep you in the automobile industry. 
There are only a few experts in any line of business. 
There are only a few good salesmen. But I can tell 
any young fellow in this Country how to make a suc- 
cess in selling automobiles or anything else. The first 
thing he has to do, whether he is an engineer, a pur- 
‘chasing agent or a production man, is to make every 
man around him feel that he is sincerely trying to 
render a service to somebody else. Once he makes up 
his mind that he will do that; sets out definitely to do 
it, keeping in mind the other fellow and the service 
that he is rendering to him; and puts his heart and 
his soul into it, you just can’t stop him. 


SKIRMISH OF DESIGNERS AND SERVICE-MEN 


naugural Joint Meeting of Metropolitan Section an 
Inaugural Joint Meeting of Metropolitan Sect 1 
Service Association 


E. J. Rabidoux, president of the Automotive Service Asso- 
ciation of New York, and W. E. Kemp, chairman of the 
Metropolitan Section of the Society, were umpires at the 
joint meeting of the two organizations held at the Automo- 
bile Club of America last month. Lee Eastman, president of 
the Packard Motor Car Co. of New York, and of the Auto- 
mobile Merchants’ Association of New York, was referee. 
The session, which was largely attended by service managers 
of automobile distributors doing business in metropolitan 
territory, was devoted to service-station problems. It was 
the first meeting of the kind that has been held and consti- 
tuted an excellent beginning of more intimate contact between 
and increased effectiveness of designers of motor vehicles 
and service-men. Throughout the discussion there was a 
marked tendency to distinguish between engineers and ser- 
vice-men with regard to their technical qualifications. It is 
a fact, however, that the two fields are not mutually exclu- 
sive in this respect as there is plenty of room for engineer- 
ing training and ability on the part of service-men. Mr. 
Eastman paid very generous tribute to the designing engi- 
neers for their accomplishments in recent years and spoke 
of the service-men as their younger brothers. He said, more- 
over, that the engineering, business and service elements of 
the automotive industry should dovetail closely. He warned 
the service-men not to tell everything they knew at this 
meeting. 

J. W. Lord, service manager of Harrolds Motor Car Co., 
which handles the Pierce-Arrow product in New York City, 
presented a paper on the subject, Does Factory Organization 
Give Full Consideration to Service-Station Problems? He 
pointed to the fact that the public is demanding better, 
cheaper and more prompt repairs and that there is increasing 
realization that maintenance has not received the close study 
which has been given to automobiles from the production 
and the performance standpoints. He took as a theme that 
the manufacturer who can sell the most miles per gallon 
of reliable truck transportation is the one to whom the pub- 
lic will come with its transportation problems. There are 
fundamental service problems that must be solved while the 
vehicles are being designed and produced. There is a feel- 
ing in the field that the engineers in the factories are in- 
clined to be arrogant and obstinate. Mr. Lord felt that this 
condition will be obviated as the factory engineer takes more 
interest in service problems and becomes more closely in 
contact with service and maintenance. He is of the opinion 
that the flat-rate service is the most satisfactory method of 
selling maintenance and that it will become general; also that 
the flat labor-rate plus the cost of material is liable to make 
the final charge to the customer greater. The maintenance 
of the flat-rate service depends on the possibility of doing 
the same job on any car or truck of given make and model 
in approximately the same time. With regard to the use 
of private parts, Mr. Lord pointed to the significant fact 
that the makers of these parts are doing a flourishing and 
growing business, concluding that it is not clear that their 
products are not giving fair service. 

Past-President Bachman, who had prepared a paper in 
connection with that of Mr. Lord, said that in cases where 
the designing engineer can be criticised justly for arrogance 
the service-man is frequently reprehensible for the impetu- 
osity with which he makes and supports assumptions. He 
explained that it is an arduous job for a designer to make 
and maintain personal contact with a multitude of dealers. 

Mr. Bachman argued that undue merit has been claimed 
for flat-rate system, stating that it is not the only method 
which can be made satisfactory to the car user. To make 
the price for work acceptable it must appear in the buyer’s 
mind to be fair and be based on an accurate method of deter- 
mining the cost. There are flat-rate prices for service re- 
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FUEL WASTE, ITS CAUSES AND REMEDIES : 
p 
HE Society of Automotive Engineers recently was re- has a considerable bearing on the ability of the user | h 
quested to have representatives testify before the United to operate his vehicle with maximum efficiency. This p 
States Senate Committee on Manufactures regarding the feature of fuel production vitally concerns the auto- e 

part that the Society is taking in the elimination of motor- motive industry and has been the subject of research 
fuel waste. The accompanying statement was prepared by and development since 1912, under the auspices of the i 
members of the Research Committee in conference with the Society of Automotive Engineers and, further, of co- V 
officers of the Society. This statement, as well as the oral operative research under the joint direction of the r 
testimony of two representatives of the Society, was made a engineers of the automotive industry, and of the petro- t 
part of the minutes of the Committee on Manufactures in leum industry as represented in the American Petro- | i 
connection with its investigation of the price of gasoline. leum Institute. ] 
. Gasoline for motor-fuel has come to be the highest- 
THE SOCIETY’S INTEREST IN ECONOMY priced quantity-product of petroleum, except lubricat- | 


The Society of Automotive Engineers has a member- 
ship of about 5000, including practically all of the en- 
gineers engaged in the design and production of the 
various forms of power units using gasoline as a fuel. 
This includes passenger and commercial vehicles, air- 
craft, tractors, motorboats and stationary power units. 
It is purely an engineering and technical society, or- 
ganized for the advancement of engineering knowledge 
in the lines above mentioned by cooperative discussion 
and research. 

The Society is interested in the elimination of all 
forms of waste, including that of gasoline, the conserva- 
tion .of which is considered to be of particular im- 
portance. Gasoline has become a most important fuel 
because it has enabled us to place in the hands of almost 
everyone a prime-mover in small units capable of rea- 
sonably satisfactory operation even by the most unin- 
telligent. Due to the lack of technical skill of the great 
majority of the operators, the tendency toward waste 
of fuel in operation is greatly increased. Changes in 
design of automotive apparatus except in the direction 
of more automatically correct operation does not offer 
as fruitful a field for improvement so far as economy 
is concerned, as does the education of the user along the 
lines of more intelligent operation of the vehicle. 


USE AND WASTE OF OIL 


About 20,000,000,000 gal. of crude petroleum are used 
annually in this Country in producing the more than 
5,000,000,000 gal. of gasoline, of which some 4,000,- 
000,000 gal. is used by automotive vehicles for purposes 
of transportation. Of these vehicles, only a very small 
proportion are operated under centralized supervision 
that promotes the maximum economy of operation. 

In the production and distribution of motor-fuel from 
crude petroleum, and in the use of this fuel, there is 
bound to be some waste as there is in all other com- 
mercial activities. Part of this waste is preventable by 
means already at our disposal. Other forms of waste, 
where prevention is probably possible, are the subject 
of concentrated study at the present time. The losses 
that occur in the manufacture and distribution of gaso- 
line are not directly within the province of the auto- 
motive industry, and we will therefore confine ourselves 
in this statement to the preventable waste in the actual 
use of fuel. 


COST AND QUALITY OF MOTOR-FUEL 


The quality of gasoline, which partly determines its 
cost and the economy with which it is used, evidently 
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ing oil, and the motor vehicle is the largest single user 
of both products. Neither of them has any competitor 
at anything like the present price, and petroleum, the 
source of both, exists only in quantities that may be 
exhausted in a comparatively short time. Hence the 
elimination of waste is as important for conservation 
as for the maintenance of a minimum fuel-cost. Un- 
fortunately, low cost and conservation do not always 
go together. Insofar as the user is responsible for the 
elimination of waste, a higher cost offers more incentive 
for economy. 
FUEL IN THE ENGINE 

Essentially, the automobile engine consists of a num- 
ber of cylinders in which a mixture of gasoline vapor 
and air is burned to produce pressure that is trans- 
mitted to moving pistons and applied as power to the 
crankshaft and thence to the wheels. The fuel must 
be vaporized and intimately mixed with air in the cor- 
rect proportions at the time that ignition takes place 
to allow of efficient combustion. 

The carbureter and the intake-manifold are designed 
to perform the function of mixing the correct amount of 
fuel with the air, and to distribute the resulting mix- 
ture to the cylinders. The mixing of the fuel and the 
air begins in the carbureter and, after continuing dur- 
ing the passage through the manifold, is completed 
in the cylinder. With the low-volatility gasoline now 
being supplied for motor-fuel, a considerable amount 
of heat is necessary for the proper mixing of the air 
and the fuel. This heating may be applied in different 
ways; by maintaining the cylinders at a proper temper- 
ature, or by supplying heat to the carbureter or the 
manifold or both. If the correct proportion of fuel 
to air is not used, or if the mixture is not distributed 
uniformly to the different cylinders, some fuel will be 
wasted. 

As a matter of fact, it begins to appear that the 
adoption of means for maintaining the engine at a uni- 
form operating temperature under all climatic condi- 
tions will go a long way to improve economy. Experi- 
ence indicates that this temperature should be fairly 
high to obtain the most efficient operating results. The 
economical use of fuel is thus promoted not only by 
the better utilization of the fuel itself, but also by 
maintaining the engine lubrication at its maximum 
efficiency, producing the lowest engine friction. It has 
been proved that temperatures provided by holding the 
cooling water at or near the boiling-point are not too 
high. In addition, for use in cold climates, it may prove 
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desirable to provide extra heat at the carbureter and 
the manifold, especially at the time of starting, when 
the engine is cold. 


MIXTURE ADJUSTMENT AND FUEL WASTE 


A mixture may be too rich in fuel and still produce 
power, without any obvious bad effects to warn the 
operator that he is wasting fuel. In fact, double the 
necessary amount of fuel can be used in this way with- 
out the user being aware of it. Over-rich mixtures 
are commonly used for reasons given below. Tests 
by the Bureau of Mines of 100 or more trucks and 
passenger cars picked out at random on a city street 
have shown that, in the average operation of trucks and 
passenger cars, 25 per cent of the fuel drawn into the 
engine passes out of the exhaust unburned. 

The causes of waste of this kind are chargeable 
partly to the designer and partly to the user of the 
vehicle, or to the mechanic who attends to the adjust- 
ment. Practically all fuel-systems require adjustment 
to give the correct fuel-mixture. If these adjustments 
are not properly made, the waste of fuel may be 50 
per cent, and probably the average loss in practice is 
at least 20 per cent. Owing to the large number of 
unintelligent and careless drivers who operate cars, 
it would be better if the carbureter setting and other 
adjustments could be made at the factory but, owing 
to variations in the fuel and in the weather conditions, 
this has not proved feasible up to date. 

If the carbureter is constructed so that the correct 
mixture is not supplied under all driving conditions 
without continual hand-adjustment, or if the mixture 
between the fuel and the air is not sufficiently complete 
at the time of ignition, there will be a waste that no 
amount of care in adjustment can prevent. As to the 
question of a sufficiently intimate mixture, this in- 
volves the complete design of the powerplant, includ- 
ing the carbureter, manifold and engine, it being un- 
derstood that the final mixture is produced by a violent 
agitation with the addition of heat. There is little 
doubt that one-half of the cars in use are deficient in 
design in the respects that make for a proper mixture 
of the fuel and the air before ignition, and that the 
fuel-consumption of these cars could be reduced at least 
20 per cent by slight modifications in design and, in 
many cases, by simply replacing the parts that make up 
the fuel-system by others that are more efficient and 
already available. 


RESEARCHES TO PROMOTE ECONOMY 


The causes of the excessive use of fuel have been 
under investigation by the Research Committee of this 
Society since 1919. A Report was published in 1920 to 
give the designers and service departments the latest 
information on the design of intake systems to secure 
economy of fuel. Although this report is only about 
two years old, much of the information given in it has 
been superseded by later developments. The same 
general subject is being investigated by the United 
States Bureau of Standards, which has already pro- 
duced results making possible savings of millions of 
dollars worth of motor-fuel. Some of these savings 
are being realized in the operation of motor vehicles by 
the Post Office and other Government Departments. 

Another direct source of fuel waste is the bad me- 
chanical condition of many automobile and truck en- 
gines in service. Worn or improperly adjusted pistons 
and valves and ignition failures all waste fuel. Waste 
of this kind is a question of design and construction 
insofar as these bear on the proper functioning of the 
various parts, their durability and ease of repair. Its 
prevention is to a far greater extent in the hands of 
the various operators. It is obviously very difficult to 
predict the possible saving in this direction. All causes 
of mechanical friction, such as badly adjusted brakes 


and bearings and lack of oil, absorb power and waste 
fuel. 

One of the main objects of the Society is the elimina- 
tion of fuel waste by improvements in design, con- 
struction and methods of upkeep. Direct waste of fuel 
has received the most attention, as it represents the 
greatest preventable loss. Within the past 5 years, 
some 50 technical papers and reports have been pub- 
lished in THE JOURNAL of the Society on this subject 
alone. The main reason for this activity is the fact 
that commercial gasoline as sold to the consumer was 
becoming more and more difficult to use with economy. 
Gasoline is a mixture of different constituents having 
different degrees of volatility or ease of vaporization. 
Up to about 1912, commercial gasoline contained only 
the most volatile constituents and offered no difficulty in 
vaporizing for producing a satisfactory mixture for use 
in the simplest type of engine. With the increasing de- 
mand it became necessary for the producer to include 
heavier and less volatile constituents that require more 
heat for their vaporization and, as this process went 
on from 1912 to 1920, the utmost efforts of the designers 
were necessary to keep pace with the change in fuel 
and maintain reasonable economy. 


ACCOMPLISHMENT OF AMERICAN AUTOMOTIVE 
ENGINEERS 


In fact, we believe that the American automotive 
engineer is even now in advance of all others in the 
technique of economical fuel-utilization. In dealing 
with the fuels of low volatility marketed is this Country 
he has learned much as to the behavior of fuels in the 
engine and has profited by this knowledge in the design 
of efficient vehicles. European cars average more miles 
to the gallon than American cars but, when reduced to a 
common basis of weight and reserve power, the Amer- 
ican cars are superior in economy. Due to high fuel- 
cost and taxation, European design has tended to at- 
tempt to secure high mileages by a reduction of the 
weight and the reserve power. The demand of Amer- 
ican car-users, partly due to the poor condition of 
roads, has called for the heavier weight and the greater 
reserve-power of average American cars. 

In accomplishing this result the designer has had 
to overcome the practical difficulty of meeting the de- 
mand of the automobile user mentioned above. High 
power, which is only rarely used, and the ability to 
take steep grades and accelerate rapidly without chang- 
ing gears, which is demanded by the public in passenger 
cars today, are incompatible with maximum fuel- 
economy. This high power, which is only occasionally 
used, introduces features of design that result in fuel 
waste and also encourages a carbureter adjustment 
that is wasteful since maximum power in any engine is 
never associated with minimum gasoline consumption. 
The amount of fuel used to obtain the above character- 
istics may be 50 per cent more than that which would 
be required were maximum mileage per gallon the chief 
consideration. Moreover, the desire for starting-off 
quickly at full power in cold weather before the engine 
has become heated tends toward a still further exces- 
sive use of fuel. The average driver appears to desire 
to have his fuel system adjusted to give the maximum 
power and a quick getaway in cold weather, perhaps 
because he does not know the penalty he is paying in 
fuel waste. 


RESPONSIBILITY OF THE DRIVER 


To illustrate what this means, we would say that our 
best information indicates that a majority of 1-ton 
cars in the hands of average drivers actually cover 
not more than 16 miles per gal. of fuel. We are con- 
vinced that, if these same cars were more carefully 
designed and provided with a more satisfactory means 
for supplying the correct fuel-mixture, they would aver- 
age under the same operating conditions 20 miles per 
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gal. instead of 16, and that a further improvement of 
at least 25 per cent would be possible through more 
careful operation by drivers. 

The fuel waste in commercial vehicles seems to be 
even worse. Some fleets of commercial vehicles weigh- 
ing about 4 tons including load average only 5 miles 
per gal. of fuel, while others of equal weight and in 
about the same service average 12 miles per gal., the 
differences being due partly to differences in design 
and equipment and partly to differences in the care with 
which the various adjustments are made and the opera- 
tion of the vehicles is conducted. 

It should be noted that the automotive industry as it 
exists in this Country is only about 10 years old. Not 
only have most of the engineers and manufacturers 
been trained in that brief period but the rapid expan- 
sion of the use of motor vehicles has introduced new and 
untrained drivers at the rate of about 1,000,000 per 
year. The production of vehicles to meet the demands 
of these untrained users has made the building of 
really economical units doubly difficult. 


EFFECTS OF FUEL VOLATILITY INVESTIGATED 


Gasoline waste depends partly upon the quality or 
the volatility of the fuel used for the reason that the 
volatility affects its adaptability as a fuel for the en- 
gine consuming the greater part of this product. But 
the greater the quantity is of gasoline made from a bar- 
rel of crude oil, by any given process, the lower the 
volatility is. The best interests of the public, as well 
as of the automotive and oil industries, will plainly 
be served by obtaining a maximum amount of satis- 
factory fuel from each barrel of crude. To accomplish 
this, it is necessary to know how heavy a grade of gaso- 
line can be used in average vehicles without dispro- 
portionately increasing the amount of fuel consumed, 
or the difficulty of operation. About a year ago the oil 
«nd the automotive industries determined to attempt 
to obtain an answer to this question by means of a joint 
research. Several refineries furnished special fuels for 
the purpose and 10 automobile companies undertook, 
each independently, an extensive research program, 
under the supervision of the Research Committee of this 
Society. 

Some features of such a research could best be 
handled by an impartial third party who might be said 
to represent the public, and we have felt ourselves very 
fortunate in having in the Bureau of Standards an 
organization and equipment capable of taking up cer- 
tain lines of this investigation and carrying them out in 
the most efficient manner. It was therefore decided to 
turn some of the most important questions over to 
the Bureau of Standards for determination and to aid 
the Bureau by the loan of materials and assistants from 
both the industries engaged in carrying out the work. 
This investigation at the Bureau of Standards has 
been in progress for less than a year and it is obvious 
that any final determination in a matter so important 
and complicated as the one under discussion could not 
be arrived at in that length of time. On the other hand, 
there are indications from observations made upto- 


date that a quality of gasoline may be used in auto- 
motive vehicles with a reasonable degree of satisfaction 
and economy, in summer at any rate, which will alone 
make possible an increase of some 30 per cent in the 
amount of gasoline that is producible from every barrel 
of crude oil. 


SUMMARY OF FACTORS AFFECTING ECONOMY 


The several factors that promote fuel economy may 
be summarized briefly as follows: 


(1) Universal adoption of means for maintaining 
the engine and the carbureter and intake sys- 
tem at the best operating temperature 

(2) The adoption as rapidly as possible of car- 
bureting devices that can be adjusted once 
for all by the maker to supply automatically 
a correct amount of fuel as completely atom- 
ized as possible for economical operation un- 
der all conditions 

(3) An economically correct grade of gasoline 
supplied uniformly throughout the Country 
but suitably varied if possible to meet cli- 
matic conditions. Uniformity of fuel would 
go far to make possible the adoption of the 
more economical carbureting systems sug- 
gested above. 

(4) Education of the user of motor vehicles to 
the advantages that will accrue to him 
through fuel economy. These advantages are 
in reality much greater than the saving in 
fuel cost. They include also less wear in the 
engine, less carbonization, less upkeep cost 
and freedom from other minor annoyances 

(5) The gradual adoption of engines using higher 
compression-ratios, with resulting highe 
fuel-economy. This can be accomplished only 
as improvements in design or in the quality 
of the fuel make higher pressures possible 
without engine knock, which at present limits 
the usable compression-pressures 

(6) Servicing of automotive equipment to main- 
tain it in satisfactory condition for economy 
of operation. This refers to the entire vehicle 
as well as to the engine, and present condi- 
tions can be improved by the education of the 
public and of the garage mechanic, and by 
improvements in the service facilities offered 
by the dealers 


All of these factors, except perhaps the education of 
the general public, are receiving a continually increas- 
ing amount of study by the Society of Automotive Engi- 
neers and the manufacturers and we believe that much 
has already been accomplished in eliminating fuel 
waste. The necessity of meeting popular demands in- 
consistent with economy, and the difficulty of putting 
new developments into immediate production, have re- 
tarded this accomplishment. Even more important 
perhaps is the fact that the average vehicle now in use 
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is a product of 2 or 3 years ago, not of today. 


NOTES ON SPRING ACTION 


T is a well-known fact that automobiles having appar- 

ently similar suspension systems are often widely differ- 
ent in springing qualities. Why this should be is likely to 
remain a mystery until we have at least the elements of a 
rational theory of spring action in automobiles. Although a 
general theory is lacking, the mechanics of spring-fitted 
vehicles has been studied by a number of investigators who 
have deduced a few theorems that point to certain vehicle 


1See TRANSACTIONS, vol. 12, part 1, p. 141. 


constants as possible factors in the suspension problem. 
These factors are the periods of vibration, the axes of oscil- 
lations and the distribution of weight in the body. 


PERIODS OF VIBRATION 


Akimoff in his paper entitled Remarks on the Dynamics 
of the Automobile’ has shown that Lagrange’s method of 
analysis leads to two distinct formulas for the periods of 
plunging and pitching respectively. Using the same method, 
we have generalized Akimoff’s formulas to apply to an auto- 
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Fig. 1—EXAMPLES OF THE SUPERPOSITION OF BOUNCING AND PITCH- 


ING VIBRATIONS 

mobile in which the front and the rear springs are not the 
same and in which the center of gravity is not limited to a 
horizontal position half-way between the axles. We find 
that bouncing, or straight up-and-down vibration; pitching, 
or oscillation about a transverse horizontal axis; and roll- 
ing, or oscillation about a longitudinal horizontal axis, are 
all generally present simultaneously. The formulas for the 
periods of bouncing, pitching and rolling are 


B= 2rv ((W/g] X [1/(m+n)]) 


= 2rv ((W/g] X [k*/(a*m + b’n)]) 
R= 2rv ((W/g] X [abr/(2c?[a’m + b’n])]) 


(1) 
(2) 
(3) 


where 
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a —the horizontal distance 
from the rear axle 

b =the horizontal distance 
from the front axle 

c = the track 

g — the acceleration 
per sec. 

k = the radius of gyration about the axis of pitching 

m — the constant for one rear spring 

n = the constant for one front spring 

y = the radius of gyration about the axis of rolling 

W = the weight of the car body 


of the center of gravity 


of the center of gravity 


due to gravity, 32.2 ft. per sec. 









By making a—=b=1 is the 


and m= n= W/256, where 6 
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initial deflection of the spring, our formulas reduce to those 
given by Akimoff in his paper. 


B= 2rv (5/g) 
P=2rv[(3/g) X (K*/E)] 
The ratio of the first two vibrations is 
P/B=kvV[(m+n) = (4) 


Since the location of the center of gravity and the radius 
of gyration are determined by the distribution of the weight, 
formula (4) suggests that, if the riding qualities are influ- 
enced by changes in this ratio, the designer has it in his 
power to select favorable values for these variables. 

As an indication that ease and comfort in riding might 
be affected by even slight changes in period, we may cite the 
measurements of Broulhiet*, who showed that the periods of 
European cars varied between the extreme limits of 0.8 and 
0.5 sec., or 75 and 120 vibrations per min. Only two excep- 
tionally fine-riding cars had as low a period as.75 vibrations 
and cars having a period approaching 120 vibrations per 
min. were almost unbearable. 


(a°*m + b’n) ] 


AXIS OF OSCILLATION 


The radius of gyration k in formula (4) implies an axis 
about which the body rotates to-and-fro. The position of 
this axis has been defined by A. Herdner*® for any vehicle 
supported by springs on any number of axles carrying wheels 
of any diameter. Reduced to the case of the automobile, 
Herdner’s theorem fixes the axis for pitching in the plane 
connecting the two axles, at distances from the axles in- 
versely proportional to the spring constants. For example, 
if m:n::1.0:1.5 the axis of pitching will divide the wheel- 
base in the ratio of 0.4 to 0.6 and will be nearer the front 
axle. 

Herdner’s proof needs some revision to be strictly ap- 
plicable to the type of suspension used on automobiles, but 
this cannot change the main features of his theorem accord- 
ing to which the position of the axis of oscillation is fixed by 
the spring constants and is in no way dependent on the dis- 
tribution of weight in the body. 

The position of the axis of oscillation and the radius of 
gyration are connected by the relation 


= d+ K 


where 
d=the distance of the axis of oscillation from the 
center of gravity 
K=the radius of gyration about a parallel axis 


through the center of gravity of the body 
k = the radius of gyration about the axis of oscillation 


WEIGHT DISTRIBUTION 


The range of values assumed by K for various automobile 
bodies is not known at present, and it is therefore not pos- 
sible to evaluate (4). It may be profitable however to at- 
tempt an approximation and for this purpose we shall choose 
springs having the ratio of constants m:n::1.0:1.5. Under 
these conditions, (4) becomes 

V [2.5/ (a®+ 1.5b*)] & V[(K°/P) + ([b/1] —0.4)*] (5) 


if we neglect the height of the center of gravity above the 
plane of the axles. 








We know that K/l must be less than % and probably 
greater than 1/V12. Possible values for automobiles are 
0.3 to 0.4 and these values substituted in (5) yield the 

TABLE 1—INFLUENCE OF THE CENTER OF GRAVITY 

b/l V[25/(@+1.50?)] r/P K/l=04 K/l=0.3 

0.50 2.00 0.0100 0.826 0.634 

0.55 1.96 0.0225 0.837 0.658 

0.60 1.89 0.0400 0.846 0.683 

0.65 1.82 0.0625 0.860 0.708 
% 2See Revue de l’Industrie Minerale, vol. 1, part 2 p. 87. 


’See Revue Generale des Chemins de Fer et des Tramways, vol. 
28, No. 6, p. 379. 
*See Annales des Mines, vol. 9, p. 413. 
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results given in Table 1 for different positions of the center of 
gravity. 

We conclude from these figures that the difference in the 
periods of plunging and pitching are probably large enough 
to affect seriously the resultant motion to which the occu. 
pants of the car are subjected, but that the body-designer’s 
control over the ratio of the periods is slight, at least when 
the spring constants are fixed. 

The presence of passengers decreases K// but, unless the 
seats are equidistant from the center of gravity, which is 
usually not the case, r also changes; how this affects the 
value of k r+ K* cannot be predicted. This point may 
be worth while investigating because of its bearing on the 
designer’s control over springing quality. 


SUPERPOSITIGN OF VIBRATIONS 


The radius of gyration and the axis of oscillation are in- 
volved also in the relation between the amplitudes of vibra- 
tion and the forces causing the vibration. Little is known 
of the numerical size of the forces transmitted through the 
rubber-tired wheels to the body, but fortunately, the force 
enters the expressions for both amplitudes, of bouncing and 
of pitching, in the same way, and this circumstance permits 
a determination of the ratio of the amplitudes. 

If we have the ratio of the amplitudes, as well as of the 
periods, we can determine the type of the resultant oscilla- 
tion. Figs. 1 and 2 illustrate this for the front and rear 
ends of the car-body in the simple case of a vehicle drawn 
as a trailer at constant speed along a smooth road on which 
there is one sharp obstruction placed perpendicularly across 
the path of the vehicle. In both figures, the ratio of ampli- 
tudes is taken as 1, and the bouncing vibrations as 9 per 
min.; the ratio of periods is taken as 0.8 in Fig. 1, and as 
0.6 in Fig. 2. The heavy lines are the resultants obtained 
by adding the ordinates of the vibrations. In each figure, 
the two upper groups of curves show the resultant oscillation 
of the front and rear ends respectively of the body, caused 
by the impulsive force due to the front wheels passing over 
the obstruction, and the other two groups show the effect of 
superposing on the first two groups the additional bouncing 
and pitching vibrations caused by the rear wheels meeting 
the obstruction after an interval determined by the wheel- 
base and the speed. The figures are drawn for a wheelbase 
of 120 in. at a speed of 15 m.p.h. for Fig. 1 and of about 
13 m.p.h. for Fig. 2 as may be taken from Table 2. 

TABLE 2- 


TIME TO PASS OVER WHEELBASE 


VARIOUS SPEEDS 


LENGTH AT 


Time to Pass Over 


Speed, M.P.H. Speed, Ft. per Sec. 120 In., Sec. 


10 14.7 0.71 
18 19.1 0.52 
15 22.0 0.45 
20 29.3 0.32 


Note that the amplitude depends on the ratio of the speed 
to the wheelbase and that there are ranges of speed for the 
minimum and the maximum shock. An extension of this 
method to any type of road seems possible by utilizing the 
studies made by Liebowitz, Napier, Baillie and others on the 
behavior of a single rubber-tired wheel. 

CONCLUSION 

The fragmentary theory that is implied in the combined 
work of Akimoff, Herdner, Broulhiet and Nadal‘ proposes to 
attack the suspension problem from two angles 

(1) By assigning a definite and important rdéle to the 

weight-distribution constants of the body 

(2) By studying the resultant curves obtained by su- 

perposing the harmonic motions due to bouncing, 
pitching and rolling 

In this paper we have sketched only the barest outline 
of this program, in the hope that interest may be aroused 
in the experimental verification without which this germ of 4 
theory of springing must remain a collection of academic 
theorems. 
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Current Standardization Work 





URING the last month only a few Division meetings 

were held because the majority of the subjects awaiting 
Standards Committee action have been assigned to Subdivi- 
sions that are preparing reports for consideration at the 
Division meetings that will be held during March and April. 
It has been found that only through the assignment of sub- 
jects to definite Subdivisions for the preparation of prelim- 
inary reports can the Division work be carried on most ad- 
vantageously with respect to the time of the Division mem- 
bers necessary in attending the meetings and the expense 
incurred through such traveling and absence from their 
regular engineering work. 

The Society letter-ballots on the adoption of the standards 
recommendations approved at the Standards Committee Meet- 
ing in January will be counted on March 12 and the data 
sheets containing the standards adopted by letter-ballot 
issued in the latter part of the month. 


PAINTS, VARNISHES AND ENAMELS 


The following Subdivision on Paints, Varnishes and Enam- 
els has been appointed by Chairman G. E. Goddard of the 
Passenger-Car Body Division: 


John L. Armitage & Co. 

Paint Manufacturers’ Association 
Sherwin-Williams Co. 

Acme White Lead & Color Works 
Valentine & Co. 

Flint Varnish & Color Works 
Pratt & Lambert 


J. Warren Armitage 
Henry A. Gardner 

J. O. Hasson 

C. D. Holley 

L. D. Pulsifer 

W. J. Schlinger 

C. C. Schumann 


PASSENGER-CAR Door HINGES 


At one of the early meetings of the Passenger-Car Body 
Division the importance of standardizing certain types of 
door hinges was realized and E. G. Simpson, of the Fisher 
Body Corporation, was appointed a committee of one to 
formulate a tentative proposal for consideration. 

Seven standard hinges have been recently proposed by 
Mr. Simpson for concealed and outside door-hinges of the 
following types: 


Closed-Body Guide Hinge Closed-Body Strap Hinge 

Open-Body Short Guide-HingeOpen-Body Long Guide-Hinge 

Open-Body Concealed Hinge Closed-Body Concealed Hinge 
Malleable-Iron Strap-Hinge 


The proposed standards have been based on present prac- 
tice and are intended to meet the requirements of the ma- 
jority of the companies. Comments thereon are being ob- 
tained from body builders. 


MotTor-TRUCK CABS 


A meeting of the members of the Truck Division was held 
in the offices of the Society on Jan. 8, the day preceding the 
Standards Committee Meeting, to discuss the proposed S.A.E. 
Recommended Practice for Motor-Truck Cabs, that was 
printed in the December issue of THE JOURNAL, in conjunc- 
tion with the comments thereon received from chassis and 
cab producers. It was decided to take no final Division 
action on the tentative recommendation, but to make what 
changes were deemed desirable and to submit the proposal to 
chassis and cab builders for comment with the understand- 
ing that final action would be taken at the next Division 
meeting to which cab builders would be invited to send rep- 
resentatives. 

In view of the criticisms as to the widths specified, it was 
considered best to eliminate the width, as it is not necessary 
to obtain interchangeability of cabs in chassis. It was 
thought that it would be desirable to have a separate classi- 
fication for speed-wagon cabs. As the Division members are 
hot in the position to recommend the mounting dimensions, 





recommendations will be obtained from the cab builders as 
to desirable practice. 

The dimension specified for the distance from the chassis 
to the windshield lower edge was changed to 36 in. for both 
sizes of cab, but it was felt that this dimension should be 
carefully considered by the cab builders before final approval. 

The tentative Division recommendation as finally revised 
is given in the accompanying illustration. 


_-Front of Dash 





PROPOSED MOTOR-TRUCK CAB DIMENSIONS 


B’ D 
Truck Capacity, tons A Min. C Variable 
Under 2“ 
2 to 3 3% 36 46 15%+1 
Over 3 3% 36 46 15%+1 


1Dimension B is from the top of the chassis frame to the 
lower edge of the windshield. 
*This classification covers speed-wagons for which 


cab 
dimensions are to be standardized if feasible. 


PASSENGER-CAR FRONT-WHEEL HUBS 


Detailed dimensions for passenger-car front-wheel woed 
hubs were decided upon tentatively at a meeting of the Axle 
and Wheels Division in Chicago on Jan. 30. The dimensions, 
which are given in the accompanying table, are intended to 
constitute an extension of the recommendation approved by 
the Standards Committee on Jan. 9. 


PASSENGER-CAR FRONT-WHEEL WOOD HUBS 






































Outside |Distance} Flange | Flange | Bolt- 

Hub Dia- |Between| Dia- Fillet- | Circle | No. of Bolt |Hub-Cap 

Size | meter of} Flanges| meter | Radius | Dia- Bolts Size | Thread 
Hub meter | 

RO | 2.1830 1% so } %& 5 ee war 24%-24 
2.1860 | j 

Ri | 3.062] 1%] 7 4 534 12 is 276-16 
3.0655 

R2 |3.5000| 13% ™% \%4 6 12 vs | 2%-16 
3.5030 | 

R3 | 3.6875 | 1% 73% %% 6% 12 - Fe 
3.6905 | | 

R4 | 3.8125 134 s 34 6% 12 16 334-16 
3.8155 | 

Note: The data in the table apply to wheels with wood or steel felloes, that is to all 


wheels having wood hubs. 





RADIATOR NOMENCLATURE 


The meeting of the Radiator Division, held on Jan. 29 in 
the rooms of the Old Colony Club at the Hotel LaSalle in 
Chicago, was attended by J. D. Harris, McCord Mfg. Co., 
Inc., chairman of the Division; H. B. Knap, Packard Motor 
Car Co.; Charles Oppe, G & O Mfg. Co.; Fred. M. Young, 
Perfex Radiator Co.; and Standards Manager R. S. Burnett. 

In connection with the nomenclature of radiator cores, it 
was felt that the term “honeycomb” should not be used be- 
cause it is inadequately descriptive. It is a trade term that 
is frequently applied to several types of radiator. 

Chairman Harris presented four definitions that he had 
based on those suggested to the Division by Herbert Chase, 
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that were printed on p. 127 of the January issue of THE 
JOURNAL. After carefully studying the definitions proposed, 
it was decided to recommend the addition of the following 
definitions, as “Group 3—Types of Radiator Core,” to the 
S.A.E. Standard for Automobile Nomenclature, page K5 of 
the S.A.E. HANDBOOK. 


Group 3—Types of Radiator Core 


Individual Fin-and-Tube Type.—A number of tubes 
of any cross-sectional form to each of which are at- 
tached gills or fins of circular, square or other shape, 
each tube and its fin or fins forming a separate unit. 

Continuous Fin-and-Tube Type.—A number of tubes 
of any cross-sectional form assembled and joined to- 
gether by fins or plates. 

Ribbon Cellular Type—A number of water passages 
formed by joining metal ribbons at the edges, the 
water-passage walls usually being crimped and grouped 
to form a cellular structure. Parts of the cellular 
structure may be formed by flat or crimped ribbon that 
is not a part of the water passage. 

Air-Tube Cellular Type.—A number of air-tubes 
nested in such a way as to form water passages, being 
sealed at the ends of the tubes. In this type the water 
can flow transversely as well as vertically around the 
tubes. 

The present radiator nomenclature in the S.A.E. HANp- 
BOOK was revised to include the terms used in connection with 
the S.A.E. Standard for Radiators, p. A26 of the S.A.E. 
HANDBOOK, so as to have the nomenclature complete, each 
type of radiator being covered separately as follows: 


Group 2—Radiators 
Shell Type 


upper tank 

filler neck 

filler cap 

inlet fitting 

tie-rod fitting 
overflow tube 

lower tank 

outlet fitting 
drain-cock 

anchor stud or bolt 
anchor stud or bolt plate 
side bolting-member 
shell 

supports 

hinge-rod fitting 
hood-ledge liner 


Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 


Cast Type 


Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 
Radiator 


upper tank 

filler cap 

inlet fitting 

tie-rod fitting 
overflow tube 
lower tank 

outlet fitting 
drain-cock 

anchor stud or bolt 
anchor stud or bolt plate 
sides 

clamping strips 
header gasket 
inlet gasket 

outlet gasket 
hinge-rod fitting 
hood-ledge liner 
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SHEET STEEL 

At the joint meeting of the Society’s, the American Society 
for Testing Materials and the American Society for Stee] 
Treating Sheet Steel Committees on Jan. 8, 1923, a Committee 
on Testing of Sheet and Strip Steels was appointed consist. 
ing of J. M. Watson, chairman, Hupp Motor Car Co.; C, N, 
Dawe, Studebaker Corporation of America; F. E. McCleary, 
Dodge Bros.; Jack Dailey, General Motors Corporation; 
L. A. Danse, Cadillac Motor Car Co.; and E. W. Upham, 
Maxwell Motor Car Co. 

The Committee was given full power to fix the methods 
of testing and to obtain help from men not on the Com. 
mittee. All tests are to be made in the manner prescribed 
by the Committee, which will send monthly reports on the 
work to the Standards Department of the Society for dis- 
tribution among the Subdivision members. As all of the 
members of the testing committee are located in Detroit, 
it is felt that rapid progress can be made. 

STEEL FELLOES FOR WooD WHEELS 

Letters proposing the standardization of the tenon-holes 
in steel felloes for wood wheels were discussed at the Janu- 
ary meeting of the Axle and Wheels Division. It was ar- 
gued that while there is practically a standard among the 
wheel manufacturers at the present time, a published stand- 
ard would be helpful. The dimensions given in the accom- 


panying table were approved tentatively for adoption as 
.A.E. Recommended Practice. 


DIMENSIONS OF TENON-HOLES FOR STEEL FELLOES 


Pneumatic-Tire Spoke Size, Diameter of 
Size, In. In. Tenon-Hole, in. 
312-4 1% Wp 
4 1% % 
4% 1% 2% 
5 1% % 


‘7% 
As “giant” pneumatic tires are not used on steel felloes, 
it was not felt necessary to include tire sizes above 5 in. 


TIRE CLEARANCES 


A suggestion of the American Chain Co. that the clearance 
between tires and fenders be standardized has been referred 
to the members of the Passenger Car Division for study. 

In making this suggstion, J. R. Rayburn, of the American 
Chain Co., stated that 

It would seem of prime importance to provide a min- 
imum clearance behind and ahead of the tires in a 
horizontal direction, preferably 3 in. The vertical 
clearance above the tires depends upon the extent of 
the spring action. 

We have found fender braces over tires free to con- 
tact with the tire on extreme spring compression. When 
this happens with chains attached, either the chains or 
the fender bracket must fail. 


TOOL STEEL 


Carbon tool-steel specifications have been tentatively 
approved by the Sub-Sub-Committee of Committee 
XIV of Committee A-1 of the American Society for 
Testing Materials. Copies of these specifications, 
which cover six classes of carbon tool-steel as deter- 
mined by the chemical compositions, have been sent to 
the members of the Iron and Steel Division for com- 
ment. 

The specifications cover the purposes for which the 
classes are frequently used; process of manufacture, 
crucible or electric-furnace; annealing; chemical com- 
position; methods of analysis; permissible variations 
in dimensions; finish; marking and inspection and re- 
jection. 
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SOCIETY MEETINGS 


(Concluded from p. 309) 


pairs of the most ordinary character which are obviously 
not justified. Much value lies in the flat-rate system in that 
it necessitates careful analysis of operations. Outside of 
the variation in labor and time that may result from the 
difference in individual conditions on the same class of job 
there is the more serious matter of variation in the amount of 
material required to do a first-class job under different con- 
ditions. Mr. Bachman felt that these variations cannot be 
properly provided for in the flat-rate system and that an 
overcharge in some cases and an undercharge in others are 
inevitable. One of the most interesting statements Mr. Bach- 
man made was that there has been little or no demand for 
economical automobile transportation as opposed to cheap 
automobiles, and that it is probable that a product based 
on the former demand would be a failure. He said, however, 
that there is no doubt that shortly there will be a public 
demand for economy in automobile operation, which will be 
made possible by numerous factors, including highway de- 
velopment and general distribution of repair facilities. 

Past-President Vincent contributed to the discussion of 
the papers mentioned above. He expressed doubt whether 
the averaging of repair costs as between cars that are well 
taken care of and those that are neglected is worse from 
the owner’s standpoint than the fact that on a time and 
material basis the owner who is lucky enough to draw the 
fastest man in the service-station has an advantage. In 
addition, the man who takes care of his car will not need 
to have repair work done so often. Vehicles are designed 
to give good all-round results in territories varying greatly 
as to road and weather conditions. Mr. Vincent felt that the 
flat-rate system of service is fair, more businesslike and con- 
ducive to efficiency in the relations between the service-sta- 
tion and the vehicle owner. He said further that service- 
field suggestions, properly analyzed and checked, have re- 
sulted in refinement of car models. 

0. E. Hunt, chief engineer of the Chevrolet Motor Co., 
concurred in the view that the average factory engineering 
organization is not closely enough in touch with service 
problems. He said that car builders will succeed in the pro- 
portion that they convince their customers that they are giv- 
ing comfortable and dependable transportation at a less cost 
than their competitors are giving it. 

A. J. Scaife, of the White Motor Co., expressed the opinion 
that it is difficult to get a large engineering organization 
aroused to the necessity of giving due consideration to com- 
plaints as to failure in service. He spoke of the merit of 
the car builder having representatives in personal contact 
with dealers, fleet owners and individual customers, as this 
results in bringing the customer’s viewpoint directly to the 
attention of the engineering staff. 

R. E. Fielder, chief engineer of the Fifth Avenue Coach 
Co., specified the fundamental requirements in the procedure 


16 
23—Mip-West SEcTION—Road Lighting—F. H. Ford 





Schedule of Sections Meetings 
MARCH 


2—Derroir SecTIoN—Painting Practice and Problems from the Chemist’s Viewpoint 
2—WASHINGTON SECTION—Engineering from the Service-Man’s Viewpoint 
7—MINNEAPOLIS SECTION—Development of the Modern Airplane—Charles Boehnlein 

15—METROPOLITAN SECTION—Possibilities in the Development of the Trolley Bus—William P. Kennedy 
16—BurraLo SecT1IoN—Impressions of the New York City and Chicago Automobile Shows—J. Edward Schipper 
16—CLEVELAND SECTION—The Value of the Consulting Engineer to the Automotive Industry—James A. Guthrie 
New ENGLAND SEcTION—Economic Phases of the Automotive Industry—Harry Tipper 


of the operating engineer as being accessibility, simplicity, 
independent unit-construction, light-weight units that are 
easily handled, elimination of surplus refinements, fool-proof 
and accessible adjustments, and lubrication devices that are 
accessible and have adequate storage capacity. He believed 
that the time is near at hand when the operating engineer 
will determine which is the best type of vehicle to purchase. 

C. B. Veal was of the opinion that the whole problem dis- 
cussed resolves itself almost entirely into one of management 
and not of a difference of opinion between the designing en- 
gineers and the service-men. James Florida, of the Packard 
Motor Car Co. of New York City, said that in his opinion 
the flat-rate system has come to stay, as it not only increases 
efficiency in repairing cars but assists the owner in reducing 
his maintenance cost. Ralph Rognon, who conducts a large 
independent service-station in New York City, made a plea 
for planning development in service. He said much could be 
done along the lines of the standardization work of the 
Society. Past-President Manly made the point that the fun- 
damentals of service are integrity and efficiency, neither one 
of which is worth much without the other; combined they 
will be effective in a flat-rate or any other system. Service 
Manager Trend, of the Maxwell-Chalmers Co., said that 
some factory service-departments constitute too great a bar- 
rier between the service-men and the designing engineers. 
Azel Ames, of the Advisory Board of the Metropolitan Divi- 
sion of the American Automobile Association, offered on be- 
half of car-owners cooperation in the solving of service prob- 
lems. 

Views were advanced by various speakers to the effect 
that some service-departments receive no cooperation from 
the factory engineers; that the latter do not visit the former 
even when they have a chance to do so; that no two jobs in- 
volve the same amount of work in the shop, and contrariwise 
that there is very little difference in the amount of time 
consumed as between different jobs. One service-man said 
that in operating, by giving the customer estimates as to the 
minimum and the maximum expense, only 7 out of 700 cus- 
tomers complained of overcharges. Another speaker said 
that in 18,000 operations the average time consumed was 
36 min. for each. 

In closing the session, Chairman Eastman said that he 
favored the flat-rate system but that he felt the public will 
have to be convinced of its merit; that is, made to understand 
the premises and conditions on which it is based. 


NEW ENGLAND TO DISCUSS ECONOMICS 


Harry Tipper, whose opinions on merchandising and the 
economic phases of the automotive industry are respected 
highly, will address the New England Section at the Engi- 


L. Valentine Pulsifer. 
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neers’ Club in Boston, Friday evening, March 16. This meet- 
ing occurs during the week of the Boston Automobile Show. 
It has been the custom of the Section to devote its meetings 
during show time to the commercial rather than the engi- 
neering problems of the industry. Mr. Tipper’s talk will be 
followed by a showing of the North East Electric Co.’s latest 
animated pictures of starting, lighting and ignition appa- 


ratus. An informal dinner will precede the meeting at 
6:30 p. m. 


TWO MEETINGS ON LUBRICATION 


W. F. Parish, lubrication engineer, addressed the Indiana 
Section on the evening of Feb. 15. His paper presented 
recommendations and experience relating to the Practical 
Application of Lubricants. Extremely cold weather af- 
fected the meeting attendance but those who defied the low 
temperatures enjoyed the paper very much. George Weidely, 
Lon R. Smith, Charles Trask and O. C. Berry took an active 
part in the discussion. Plans for the March meeting of the 
Section had not been completed definitely at the time of going 
to press. 

A. Ludlow Clayden addressed the Pennsylvania Section on 
Feb. 20, presenting in an interesting manner some of the 
fundamentals of lubrication. The Pennsylvania Section will 
hold no meeting during March. 


RECENT ADVANCES IN AERONAUTICS 


Washington Section Hears About Work of Navy and 
National Advisory Committee 


Members of the Washington Section at the monthly meet- 
ing held on Feb. 2 were entertained by two very instructive 
papers. The first, by Lieut. B. G. Leighton, who is in charge 
of aeronautic engine development in the United States Navy, 
described the Recent Developments in Aircraft Engines in 
the Navy; the second, by George W. Lewis, executive officer 
of the National Advisory Committee for Aeronautics, dis- 
cussed the progress that has recently been made in aero- 
nautic research. 

Confining himself closely to the subject and believing that 
an aircraft is only as good as the powerplant that sustains 
and propels it, Lieutenant Leighton outlined the trend of the 
successive improvements in engines that have increased the 
safety, durability, dependability and economy of aircraft. 
He showed that the standard of excellence has been gradu- 
ally raised from the original 50-hr. test, which consisted of 
a series of 5-hr. runs at from 90 to 100 per cent of the rated 
output without failure of a “major” part, to the present 
requirement of 300 hr. of continuous running with wide-open 
throttle at sea-level. This would represent about 600 hr. 
of normal flying-service, and at a speed of 75 m.p.h. would 
be equivalent to about 45,000 miles of cruising. By succes- 
sively redesigning the parts that have caused break-downs 
the maintenance cost has been reduced, the weight per brake 
horsepower and per inch of piston-displacement has been 
decreased, and the fuel consumption per brake horsepower 
has been lowered. The Packard 1A-1551 engine, which will 
be installed in our first rigid airship, has completed its test 
and shows a fuel consumption of 0.44 lb. per b.hp-hr. Of 
the lighter engines, the test of the Aeromarine U-8-D, an 
eight-cylinder V-type water-cooled engine, was satisfactory 
in every respect except in the weight per horsepower. When 
redesigned, the weight was materially decreased, the output 
increased and at the same time the durability was main- 
tained, the original model weighing 575 lb. and developing 
225 b.hp. at 1800 r.p.m. and the modified engine weighing 
520 lb. and developing 260 b.hp. at the same speed. A still 
lighter model, the Wright E-2, having approximately the 
same characteristics as the U-8-D and being a development 
of the small Hispano-Suiza, has undergone satisfactory en- 
durance tests, but several changes are being incorporated 
into a later model, the E-4. 

The cost of overhauling aircraft, he said, is not generally 
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appreciated, the standard Liberty engine requiring 300 man- 
hours of labor for overhauling after every 72 hr. of flying 
operation, that is, 4.2 hr. of overhauling labor at a cost of 
$6.30 for each hour of flying, or approximately 8.4 cents per 
mile. This does not include the cost of replacement parts, 

Recent designs have demonstrated that a reduction of 
weight is possible without sacrificing either strength or 
durability; the Wright model T-2 weighs 1150 lb., has a 
piston-displacement of 1950 cu. in. and a normal output of 
550 b.-hp.; the Curtiss model D-12 weighs 670 lb., has 1145- 
cu. in. piston-displacement and develops 375 b.-hp. at 1800 
r.p.m.; and an experimental model now under construction 
will weigh 1150 lb., have a total piston-displacement of 2450 
cu. in. and an assumed output of 775 hp. at 1800 r.p.m. At 
its rated output of 625 hp. the weight will be 1.80 lb. per hp.; 
at the designed horsepower it will be 1.55 lb. per hp. 

Among the other subjects that have been investigated are 
the practicability of using larger cylinder-bores, the possi- 
bility of increasing the rotative speed and the brake mean 
effective pressure and the question of realizing a higher 
specific power and a lower specific fuel-consumption through 
the use of higher compression-ratios. The test of the Wright 
Model D-1, a six-cylinder vertical engine with 7-in. bore and 
8-in. stroke, has demonstrated its entire suitability for 
dirigible service; the Wright model T-2 and the Curtiss 
model D-12 both have been run for hours at a 20-per cent 
overload without evidence of failure in any part; and the 
problem of higher compression is said to hinge entirely on 
the procuring of a fuel that will not only obviate detonation 
but will be available in large quantities at a reasonable cost. 
A blend containing 30 parts of alcohol and 70 parts of gaso- 
line appears to meet these conditions. 

Because of the large number on hand, although they have 
been falling behind the procession, the Liberty engines also 
have been undergoing a process of remodeling with a view 
to improving their durability, dependability and the weight 
factor. The predicted performance of the modified types in- 
dicates that a marked improvement in all these respects is 
to be expected. 

With regard to the comparative merits of air-cooled and 
water-coolel engines, it is the opinion of Lieutenant Leigh- 
ton, based on the results of 2 years of intensive testing, that 
there is nothing to indicate that the air-cooled engine is 
less efficient, flexible, powerful, dependable or durable, or 
more sensitive to changes in altitude or in temperature than 
the water-cooled engine; on the other hand, it is lighter, 
requires less preliminary running to warm-up in cold 
weather and less attention on the part of the pilot in flight, 
and its installation is distinctly simpler and cheaper. In 
the preliminary flights and in the early laps of the race at 
Detroit, two airplanes, identical in every respect except in 
powerplant, one being equipped with the Wright model E-2 
water-cooled engine and the other with the Lawrance model 
J-1 air-cooled engine, appeared to be exactly equal in speed 
at the same propeller speed. The water-cooled type did not 
finish the race on account of a broken propeller tip. In the 
naval service the air-cooled engine in the smaller sizes, up 
to 300 hp., has definitely displaced the water-cooled engine. 
In commercial service, the argument is advanced that the 
saving of dead-weight by the use of air-cooled engines would 
increase the possible pay-load without in any way affecting 
the performance characteristics of the airplane. 

Mr. Lewis’ talk was illustrated by lantern-slides. After 
showing the original Wright airplane and describing the 
early efforts to fly, he contrasted the primitive types with 
those of the present day and included views of some of the 
gliders. The methods employed to solve airplane problems 
by the wind-tunnel were outlined, with special reference to 
the study of scale effect, and to the investigation of the dis- 
tribution of forces over the various surfaces of airplanes, 
an investigation that has led to new methods of control and 
of construction and to the design of new types of instru- 
ments for measuring performance. 

Past-President Bachman, Vice-President H. M. Crane, 
Mr. Van Ness, Mr. Lewis, R. M. Parsons, W. S. James, Lieu- 
tenant Leighton and Dr. H. C. Dickinson participated in 
the discussion. 
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PRESSURES IN GASEOUS EXPLOSIONS 


N igniting a homogeneous inflammable gaseous mixture 
O contained in a closed vessel, a sphere of flame with the 
point of ignition as the center spreads outward, slowly at 
first, and then with increasing speed. As the flame spreads, 
the potential chemical energy of the combustible gas is 
transformed into thermal energy, and the temperature and 
pressure of the burning gas rise in consequence. The pres- 
sure rises slowly at first and then rapidly until a maximum 
rate of pressure rise is attained, which remains constant for 
some time. Later, the rate of rise becomes less until the 
maximum pressure is reached, and afterward the pressure 
begins to decrease owing to the cooling action of the walls 
of the containing vessel. The period that elapses between 
the moment at which the pressure begins to rise, and the 
moment at which the pressure attains its maximum value, is 
known as the time of explosion. 

The greater part of the burning takes place during the 
explosion period, but a considerable proportion of the gas 
remains unburnt at the moment of maximum pressure, and 
the combustion of this unburnt gas takes place as the mix- 
ture cools. An appreciable volume of inflammation also ap- 
pears to take place before the pressure begins to rise, that 
is, during the period that elapses between the moment of 
passage of the ignition spark and the moment when the 
pressure begins to rise. This period has been termed the 
pre-pressure period. 

It was predicted by Sir Dugald Clerk and experimentally 
confirmed by the late Prof. Bertram Hopkinson that the 
flame completely filled the explosion vessel some little time 
before the attainment of the maximum pressure. During 
the explosion of a 10-per cent mixture of coal-gas and air 
at atmospheric density in a vessel of 6.20-cu. ft. capacity, 
for which the time of explosion was 0.25 sec., Hopkinson 
found that the flame completely filled the vessel about 1/30 
sec. before the attainment of the maximum pressure. The 
maximum pressure developed in this experiment was 82 lb. 
per sq. in., and the pressure at the moment when the flame 
completely filled the vessel had risen as high as 70 lb. per 
sq. in. 

A very interesting point, first noticed by Hopkinson, is 
that the portions of the gas first ignited undergo adiabatic 
compression, due to an increase of the pressure developed 
by the later inflammation of the surrounding portions. Ow- 
ing to this, the distribution of temperature in the gaseous 
mixture at the moment of maximum pressure is far from 
being uniform. The gaseous mixture at this moment con- 
sists of a hot core surrounded by cooler portions. In one 
of Hopkinson’s experiments with a 10-per cent mixture of 
coal-gas and air, it was found that, while the mean tem- 
perature of the gaseous mixture at the moment of maximum 
pressure was about 1600 deg. cent. (2912 deg. fahr.), the 
temperature of the hot core was as much as 1900 deg. cent. 
(3452 deg. fahr.). 

In some experiments made with an optical indicator with 
a high-frequency spring, when the spark was placed in the 
center of the vessel, the time of explosion was less and the 
maximum pressure developed was greater than when the 
spark was placed near one end of the vessel. In the former 
case, the time of explosion was 0.050 sec. and the maximum 
pressure 105 lb. per sq. in. above that of the atmosphere, 
and in the latter case 0.075 sec. and 100 lb. per sq. in. 

Curves were taken with a 15.0-per cent mixture composed 
of 15 parts of coal-gas and 85 parts of air, with a 12.5-per 
cent mixture and with a 10.0-per cent mixture. All the 
gaseous mixtures were at atmospheric pressure before firing. 
In the strong mixture a maximum pressure of 105 lb. per 
8q. in. above that of the atmosphere was developed in 0.056 
sec.; in the medium mixture, 90 lb. per sq. in. in 0.075 sec.; 
and in the weak mixture, 76 lb. per sq. in. in 0.140 sec. The 


15-per cent mixture required practically the whole of the 
oxygen in the air for its complete combustion. The weak- 
est mixture of this coal-gas that would ignite on the pas- 
sage of the spark contained between 7 and 8 per cent of 
coal-gas. 

Similar curves were taken of hydrogen-and-air mixtures of 
25.0 per cent, 15.3 per cent and 10.0 per cent. The strong 
mixture gave a maximum pressure of 87 lb. per sq. in. above 
atmosphere in 0.014 sec., the medium mixture a maximum 
pressure of 61 lb. per sq. in. in 0.060 sec., and the weak 
mixture a maximum pressure of 44 lb. per sq. in. in 0.250 sec. 

The time of explosion increases slightly with the density; 
at % atmosphere it is 0.0420 sec., while at 1 atmosphere it is 
0.0500 sec., and at 1% atmospheres 0.0575 sec. The ratio 
of the maximum absolute-pressure to the initial pressure 
increases slightly with the density. At % atmosphere this 
ratio is about 7.75, while at densities of 1 atmosphere and 
over it is a little greater than 8.00. This is due mainly to 
the relative decrease in the heat-loss during the explosion 
period as the density is increased. 

Sir Joseph Petavel, experimenting with coal-gas and air 
mixtures at very high densities, also found that the ratio 
of the maximum to the initial pressure increases with 
the density. Thus, for a particular mixture at about 75 
atmospheres this ratio was about 8.6, whereas for the same 
mixture at atmospheric density in the same explosion vessel, 
the ratio was about 7.0. 


EFFECT OF INTERIOR FINISH 


The interior surface of the explosion vessel was silver- 
plated and could therefore be made either reflecting by pol- 
ishing or absorbent as regards radiation by blackening. With 
two identical 15-per cent mixtures of coal-gas and air, but in 
the one case the walls of the vessel being polished, and in 
the other case blackened, the maximum pressure was about 
3 per cent greater and the rate of cooling much slower with 
the polished vessel. This is a result first discovered by Hop- 
kinson. The reason for the greater pressure and the slower 
cooling in the polished vessel is that the radiation emitted 
by the hot gaseous mixture is reflected back by the walls 
and reabsorbed by it. 

With 25-per cent mixtures of hydrogen and air exploded 
under similar conditions as the coal-gas mixtures, the rate 
of cooling in the polished vessel is considerably less than 
that in the blackened vessel, but the maximum pressure 
in the polished vessel is not appreciably greater than that in 
the blackened vessel. This is due to the fact that the amount 
of radiation emitted during the very short explosion period 
is very small. 


EFFECT OF INERT CARBON DIOXIDE 


In replacing the nitrogen of the air by inert carbon diox- 
ide, a 15-per cent mixture of coal-gas and air composed of 
15.0 per cent of coal-gas, 17.8 per cent of oxygen and 67.2 
per cent of nitrogen; a mixture containing 15.0 per cent of 
coal-gas, 26.4 per cent of oxygen, and 58.8 per cent of car- 
bon dioxide; and a mixture containing 15.0 per cent of coal- 
gas, 19.7 per cent of oxygen and 65.3 per cent of carbon 
dioxide, the presence of carbon dioxide reduces greatly the 
maximum pressure developed and slows down the speed of 
combustion; further, the greater the proportion of carbon di- 
oxide, the lower the pressures and the slower the burning. 
The lower maximum-pressures produced in the carbon-diox- 
ide mixtures are due in a large measure to the greater volu- 
metric or specific heat of carbon dioxide as compared with 
that of nitrogen. Probably, too, in the carbon-dioxide mix- 
tures rather less of the coal-gas is burnt at the moment of 
maximum pressure than in the nitrogen mixtures.—Prof. 
W. T. David in Engineering (London). 
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student, New York University, New York 


ALEXANDER, DONALD, Edward G. Budd Mfg. Co., Philadelphia. 
BAIN, GERALD, Haynesville, La. 


BALLENTINE, WILLIAM I., vice-president, Advance-Rumely Co., La 
Porte, Ind. 


BANES, WILLIAM K., carbureter expert, U. S. Industrial Alcohol Co., 
Baltimore. 


BENET, LAURENCE V., 
(Seine) France. 


vice-president, Hotchkiss & Cie., St. Denis 


BERKOWITZ, IRVING H., engineer, Diamond Taxi-Cab Co., New York 
City. + . 


BLossom, Roy E., special sales representative, Prest-O-Lite Co., Inc., 
Indianapolis. 


BowMAN, JOHN ALDEN, comptroller, John W. Brown Mfg. Co., 
Columbus, Ohio. 


BUNNELL, FRED H., student, Michigan Agricultural College, Hast 
Lansing, Mich. 


2AMPBELL, FRED J., chief draftsman, Falls Motors Corporation, 
Sheboygan Falls, Wis. 


CATLIN, AUREL A., student, Michigan Agricultural College, East 
Lansing, Mich. 


“LEMENS, FRED J., mechanical superintendent, Robert Mfg. Co., 
New Haven, Conn, 


CoLLINs, P. A., technical service department, Reo Motor Car Co., 
Lansing, Mich. 


CooK, WALTER, student, Michigan Agricultural College, Hast Lan- 
sing, Mich. 


CrRowE, G. FRANCIS, student, University of Toronto, Toronto, Ont., 
Canada. 


CRUDEN, J. P., district sales manager, Standard Oil Co., Walla 
Walla, Wash. 


DAVIE, ARTHUR J., 


student, Michigan Agricultural College, East 
Lansing, Mich. 


DEGENER, PAUL A., president, Rochester Motors Corporation, New 
York City. 

DONNER STEELE Co., INC., Buffalo, N. Y. 

Downey, J. S., salesman, Chanslor & Lyon Co., Los Angeles. 

DRAKE, HAROLD, airplane designer, G. Elias & Bro., Buffalo. 


DruMM, Epacar A.., 


principal of Y. M. C. A. automobile school, City 
of Washington. 


DUNBAUGH, GEORGE J., JR., secretary, Champion Mfg. Co., Chicago. 


EskowitT, Isapore, student, Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y. 


FAIRBANK, CHARLES WILLIAM, test engineer, Standard Oil Co. of 
New Jersey, Baltimore. 


FALCONER, JOHN WILLARD, student, Armour Institute of Tech- 
nology, Chicago. 


FRANCIS, PHILIP W., Yorktown Motor Co., Yorktown Heights, N. Y. 
FRANCIS, TENCH, Yorktown Motor Co., Yorktown Heights, N. Y. 


GLEISEN, D., manager, Eastern division, Hyatt Roller Bearing Co., 
New York City. 


GRATWICKE, WALTER, engineer, British Aluminum Co., Ltd., New 
York City. 


GREENE, WHITNEY E., instructor, Pennsylvania State College, State 
College, Pa. 


HACKETT, FRANK J., service manager, Sills-Chevrolet Co., Boston. 


HACKHAM, GEORGE JOHN, chief engineer, Yellow Coach Mfg. Co., 
Chicago. 


HAIGH, JAMES H., student, Michigan Agricultural College, Hast 
Lansing, Mich. 


HANNING, JAMES ROWLAND, student, University of Toronto, Toronto, 
Ont., Canada. 


HARTSHORN, STANLEY DENTON, student, Massachusetts Institute of 
Technology, Cambridge, Mass. 


HAPPERSETT, ROLAND H., student, Tri-State College, Angola, Ind. 


HIGGINS, WILLIAM H. C., chief engineer, Advance-Rumely Co 
LaPorte, Ind. 


” 


~ 


HorrMaN, E. E., chief engineer, Hendee Mfg. Co., Springfield, Mass. 


HOLMES, LAWRENCE J., factory manager, International Motor Co., 
Allentown, Pa. 


HuGHES, Luoyp I., student, Michigan Agricultural College, Hast 
Lansing, Mich. 


INGERSOL, AUSTIN O., student, Michigan Agricultural College, East 
Lansing, Mich. 


JACKSON, LEE R., district manager, Firestone Tire & Rubber Co., 
Detroit. 


JAYCOX, RANDALL EUGENE, automobile repairman, Oak Ridge Oil 
Co., Santa Paula, Cal. 


JUDSON, ARTHUR, vice-president, Fuller & Smith, Cleveland. 


KELLER, A., vice-president and works manager, Golde-Patent Mfg. 
Co., New York City. 


KINNEY, ALDON M., assistant superintendent, Cropper-Kinney Auto 
Spring Co., Lebanon, Ohio. 


KLINGER, G. W., engineer of tests, and manager of automotive 
department, Vibration Specialty Co., Philadelphia. 


LEAVER, ALBERT JOSEPH, consulting automotive engineer, Brisbane, 
Queensland, Australia. 


LERoy, B. L., engineer, Beans Spring Co., Massillon, Ohio. 


LEWIS, WERNER H., student, Michigan Agricultural College, Hast 
Lansing, Mich. 


UITTLE, J. GRIFFIN, student, Michigan Agricultural College, East 
Lansing, Mich. 


LOGAN, G. L., technical service department, Packard Motor Car Co., 
Detroit. 


LUCKETT, DINWIDDIE J., ordnance engineer, design section, Ordnance 
Department, Rock Island Arsenal, Ill. 


McApaAm, D. J., Jr., metallurgist, Naval Engineering Experiment 
Station, Annapolis, Md. 


MACDONALD, W. W., chief engineer, MacDonald Truck Division, 
Union Construction Co., Oakland, Cal. 


Mack, WILLIAM, sales manager, Borg & Beck Co., Chicago. 


MARKEY, Roscor I.. aeronautic designer, engineering division, Air 
Service, McCook Field, Dayton, Ohio. 


MAXIM, ALBERT, engineering mechanic, Ward Motor Vehicle Co., 
Mount Vernon, N. Y. 


MEIGS, DwIGHT R., vice-president, U. S. Axle Co., Pottstown, Pa. 
MEYER, ALVIN W., mechanic, Waddams Garage, Waddams Grove, III. 


MorrisH, Nei B., student, Michigan Agricultural College, Hast 
Lansing, Mich. 


MorRISON, Eart L., student, Michigan Agricultural College, Hast 
Lansing, Mich. 


OTTENHOFF, W. B., manager of engineering and service division, 
Indian Refining Co., Inc., New York City. 


PEASLEE, W. D. A. chief engineer, Belden Mfg. Co., Chicago. 
PFEIFFER, ARTHUR E., student, University of Illinois, Urbana, Ih. 


PLATZ, Henry A., student, Michigan Agricultural College, Hast 
Lansing, Mich. 


POKORNY, FRANK, experimental engineer and president, Rex Motor 
Control, Mamaroneck, N. Y. 


Porter, H. K., directing engineer, Eastern division, Hyatt Roller 
Bearing Co., New York City. 


PRESBREY, OTIS FLAGG, instructor, Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y. 


Rapipoux, Epwarp J., service supervisor, Reo Motor Car Co. of New 
York, New York City. 
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REED, NEWTON L., superintendent of motor equipment, Crew Levick 
Co., Philadelphia. 


Roes, WILLIAM C., assistant manager, Ohio Rubber Co., Detroit. 


SCHWEITZER, PAUL H., mechanical engineer and tool designer, Oak- 
land Motor Car Co., Pontiac, Mich. 


Summ weg? H. H., president, Sherwood Petroleum Co., Inc., Brooklyn, 


SLAKER, CHARLES S., general manager, Hayes Wheel Co., Jackson, 
Mich. 


SLATTERY, MICHAEL W., 
Indianapolis. 


instructor, Arsenal Technical Schools, 


SMALL, FRED FULTON, mechanical superintendent, Pacific Electric 
Railway Co., Los Angeles. 


SOHLINGER, W. J., vice-president and general manager, Flint Var- 
nish & Color Works, Flint, Mich. 


Spencer, Rospert D., student, Michigan Agricuitural College, East 
Lansing, Mich. 


SPERLING, Ezra F., 
Lansing, Mich. 


student, Michigan Agricultural College, East 


Stirr, Mason C., 
Lansing, Mich. 


student, Michigan Agricultural College, East 


STILGER, WILLIAM M., parts manager, 
Chicago. 


Hudson Motor Co. of Illinois, 


March, 1923 
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TELFORD, MARSHALL H., student, Tri-State College, Angola, Ind, 


THOMSON, WILLIAM G., automobile mechanic, Consumers Ice Qo, 
San Francisco, 
TRANSCONTINENTAL OIL Co., Pittsburgh. 


TRUSCOTT, PERCY JOHN, 
East Lansing, Mich. 


student, Michigan Agricultural College, 


WACHTLER, WILLIAM B., directing engineer, Hyatt Roller Bearing 
Co., Newark, N. J. 


wanes, ©. R., automobile engineer, c/u Mathews & Co., Bombay, 

ndia. 

WATANABE, TORAJIRO, professor, College of Engineering, Waseda 

University, Tokyo, Japan. 

WELSH, JAMES W., executive secretary, American Electric Railway 
Association, New York City. 


wae, JOHN H., assistant engineer, Lincoln Motor Co., Dearborn 
Mich, 


WILD, MARK, works manager, 
Coventry, England. 


Meteor Works, Rover Co., Ltd, 


WILLIAMS, FRANCIS, 
Melbourne, 


sales manager, 
Victoria, Australia. 


Gardner Waern & Co., Ltd, 


WRIGHT, J. R., research engineer, Standard Oil Co. of New Jersey, 
Elizabeth, N. J. 





